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1 Supplementary Figures
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Figure S1: The distribution of exon z-scores. In each bin of log;, of the mean
split read count, we computed the mean and the standard deviation of AWV,
excluding exons with AW = 0, and assigned the corresponding z-score to each
exon.
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Figure S2: (a) Differential exon inclusion analysis in SMG6/XRN1 co-depletion.
Changes at the 1% significance level are shown in orange. (a) The differ-
ence of exon inclusion (A¥) in UPF1/XRN1 co-depletion vs. SMG6/XRN1

co-depletion.
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Figure S3: Relative positions within transcript of exons that are reactive to
NMD inactivation.

100
751
1]
5
& 504
<
251
o
3n an+1 3n+2

Figure S4: The percentage of essential (green) and non-essential (red) internal
exons among all exons annotated in the GENCODE v19 database [IJ.
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Figure S5: The median distance to the closet cognate eCLIP peak for exons
that significantly change their inclusion level after NMD inactivation (¢ < 0.05)
and that for the other exons (¢ > 0.05).
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Figure S6: (a)-(d) Reactive exons with a nearby cognate eCLIP peak in FUS,
HNRNPM, U2AF2, and IGFBP2 genes.
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Figure S7: (a) Essential exons in PTBP1 gene. The isoform with exon 11
skipping is not shown in Genome Browser. (b) TARDBP protein binds its
3-UTR (binding sites are shown in black in the eCLIP track) and promotes
splicing at poison exons.
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Figure S8: (a)-(c) Reactive exons without nearby cognate eCLIP peaks in
RBM39, SRSF3, and SRSF4 genes.



2 Supplementary Tables

cell target PEAKS1 PEAKS2 KDl KD2 CONT1 CONT?2
HepG2 AKAPI1 80TKPM 271UXH 446GNQ 554EIV  989TXQ 558ZFO
HepG2 BCCIP 698TRT 627YDB 085YWZ 813CJQ 572NPL 689YCR
HepG2 BCLAF1 691JPV ~ 858HBB 878AAZ  587FCY 572NPL 689YCR
HepG2 BUDI13 364QPG  929ITC  944UDR  526PAV ~ 236XCF 901WHO
HepG2 CSTF2 892JUQ  370ZBJ  938DQM 866AHO 572NPL 689YCR
HepG2 CSTF2T 700HIR  786JAM 334UJK  529NFO 057JNE 294SKR
HepG2 DDX3X 798XQM 799ICU  5720TL  196CGJ  989TXQ 558ZFO
HepG2 DDX52 591WOA 539JUN  608NGH  653INZ 574DLW  847SRU
HepG2 DDX55 315AVG  584QHX 876ECR  193SMU 572NPL 689YCR
HepG2 DDX59 485MSN  441KPC  228NAK  802SDT  738YFT 293RIK
HepG2 DDX6 438KSN  650BQD 365JNK  725RWM 989TXQ 558ZFO
HepG2 DHX30 191HRQ 506NPG 751TAL  402UGA 784SML 487UNM
HepG2 DKC1 074ATJ  043XKO 572VRD  454QYL 566XUG 486GXG
HepG2 EFTUD2 511ZTQ 955RUR 039BLK  149WKD 574DLW 847SRU
HepG2 EIF3D 738CPK  650RVF  713UFE  708DON 574DLW 847SRU
HepG2 FAMI120A 287TADK 511SXK  784QKI 143FVG  574DLW  847SRU
HepG2 FASTKD2 503DBN  136QLO  850TNI 330THZ 057JNE 294SKR
HepG2 FKBP4 993XGD 585PKG 982ALW  257YRE 572NPL  689YCR
HepG2 FTO 655JNU  9255GC  408FIB 0980ONQ 738YFT 293RIK
HepG2 FUBP3 410ITK  714TFP 513ADH  880UOR 926DGG T718LIT
HepG2 G3BP1 934JF7Z 165JYX  8447ZHZ 529THE  989TXQ 558ZFO
HepG2 GRSF1 451GQU  733VOV  016WDI  506AFF  869IKC  996UTY
HepG2 GRWDI1 735YNV  689GDA 420WYN 181DMT 261BLR 966QBV
HepG2 HNRNPA1 604WJZ 535MAE 350IPK 0450GG  784SML  487TUNM
HepG2 HNRNPC 401SPQ  738FJS 181LSI 497PPO  784SML 487TUNM
HepG2 HNRNPK 877TKBJ 556EBT 899ZBQ  433BRP 989TXQ 558ZFO
HepG2 HNRNPL 5815SQ  415HDB 536UGZ  869LKX  566IXO  394YXV
HepG2 HNRNPM 040JSC  542FRX 601DUB  240HMJ 236XCF 901WHO
HepG2 HNRNPU 587TFNW 024FCB  292RTX  516UIQ  784SML 487UNM
HepG2 HNRNPUL1 676GXG 801KHR 134YSM  596UTY 686VNL 430GWF
HepG2 IGF2BP3 175PMW  858ZLX  753NXB  44INPW 989TXQ 558ZFO
HepG2 ILF3 535COB  460MRE 485RWH 073SBH  869IKC  996UTY
HepG2 KHSRP 509GWT 891IAC  021RRG  310LTU  989TXQ 558ZFO
HepG2 LARP4 288SGB  130RAQ 890GSN  760RVL  9300YV 934UWJ
HepG2 LARPT7 440FLF  699ZLU 870DWP 787GCZ 261BLR 966QBV
HepG2 LIN28B 976KYV 381VVY 511GIN 4461U7Z 261BLR  966QBV
HepG2 LSM11 220ECM  870HZF  502SMN  939XZO 261BLR 966QBV
HepG2 MATRS3 874BAL  333CUY 780SYO  246QJB  989TXQ 558ZFO
HepG2 NCBP2 047YUZ 500HBQ 594LYM  083LTV  989TXQ 558ZFO
HepG2 NIP7 077TRVD  527TMFS  354LYI 774DZT  261BLR 966QBV
HepG2 NKRF 864UGQ 233SNH 294MHK 100KDW 093UUE 870WUB
HepG2 NOL12 716SCR  515WRY 806ZKL  466PAF  566IXO  394YXV
HepG2 PCBP1 940CJE  252BJN  463AMS 1742QQ 261RLR 834TYC
HepG2 PPIG 597JSM  603DSB  374SOY  585WPZ (093UUE 870WUB
HepG2 PRPF8 646XFI 156PFJ  727IHN 192LSC  572NPL  689YCR
HepG2 PTBP1 471GJE  154BAE 145TKU 855TDM 261RLR 834TYC
HepG2 QKI 459ANM  525PZA  354FHT  819VYL 261RLR 834TYC
HepG2 RBFOX2 639MYI 664WCU 880HKN 511KFD 686VNL 430GWF
HepG2 RBM15 017THYK 971BBY 276WQL 057WEZ 278EWB 376SXK
HepG2 RBM22 990UNN  353XWS 0300LZ  369NEZ 742NXL 340UAV
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553SKC
654RKB
722UNY
226JJS
920LNP
355EHE
210USC
664HRD
198QMX
055WUU
145RMT
2990PQ
730MBP
579RKL
551BGC
152IUL
868JUI
446IVL
STIXKQ
629VLO

3600FU
907AVE
310XPL
662KLY
662KLY
094PAZ
310XPL
250NQT
840VCF
109UAW
094PAZ
721YDQ
250NQT
250NQT
678FMA
678FMA
250NQT
721YDQ
310XPL
310XPL
310XPL
250NQT
907AVE
055IEE
451VCI
3600FU
721YDQ
055IEE
812XUV
250NQT
310XPL
639TGX
3600FU
250NQT
345DRD
345DRD
221UUT
812XUV
678FMA
221UUT
250NQT
951AKS
192WNC
639TGX
3600FU
907AVE
812XUV
678FMA
951AKS
662KLY
951AKS
250NQT
250NQT
951AKS

26917J
006QUW
301VBU
356UJZ
356UJZ
699LO0O
301VBU
072REC
306VXJ
827AVO
699LOO
471LQQ
072REC
072REC
965KEL
965KEL
072REC
471LQQ
301VBU
301VBU
301VBU
072REC
006QUW
823LBA
957JFM
2691ZJ
471LQQ
823LBA
201SIR
072REC
301VBU
486RUF
2691ZJ
072REC
171TGT
171TGT
713YLH
201SIR
965KEL
713YLH
072REC
058RBW
546CWI
486RUF
2691ZJ
006QUW
201SIR
965KEL
058RBW
356UJZ
058RBW
072REC
072REC
058RBW



K562 SUPV3L1 207VRH 942LSK  710LUV  654PVK 3600FU 2691ZJ
K562  TAF15 979IVI 783IGF  669KZU  862NET 812XUV 201SIR
K562 TARDBP 697CMV  333KPU 782EXB  202XMY 250NQT 072REC
K562 TBRG4 033ZLA  040CEA  374VZI 34INGU  812XUV  201SIR
K562  TIA1l 509PKA  673MNH 622BGG  675IKK  250NQT 072REC
K562 TRA2A 257TVRQ T744EQP  120IKS 9950UG  250NQT 072REC
K562 TROVE2 243GNO  043TCO 857CHR  659AIM  892EVK 680FLW
K562  U2AF1 555DWV  468LUS  352HEO 049WEE 812XUV 201SIR
K562  U2AF2 430RTZ 454FEB  942VXX 676CZA  812XUV 201SIR
K562  UCHL5 7T13NFZ  912GTJ 922PAN  658NSQ  3600FU  2691ZJ
K562  UPF1 873FZT  792HYY 243KYH 632FEO 055IEE  823LBA
K562 UTP18 379LHC 014AWF 191GKG 609RPE 221UUT 713YLH
K562  WDRS3 991INPH 380SYQ 668TYJ 450FFU  055IEE  823LBA
K562  WDR43 425HAU  509FAF  799ITP 605UTR O055IEE  823LBA
K562 WRN 138IUK  109LYL  406QFV  354ESP  9710QY 824KJT
K562  XRCC6 564IUM  007DHU 175FUM 180LMY 662KLY 356UJZ
K562  XRN2 441GJR  167DBG  950IVB 092ZPJ 3600FU  2691ZJ
K562  YBX3 526YVR  231IID 048SVW  507VIL 678FMA 965KEL
K562  ZC3HS 515ATI 990BSZ  098NLK  635XIV ~ 9710QY 824KJT
K562 ZRANB2 464HWD 709ENB 586GDJ  031QIE  662KLY 356UJZ

Table S1: The list of RNA-binding proteins, eCLIP (PEAK1 and PEAK?2),
shRNA-KD followed RNA-seq experiment (KD1, KD2) and their control exper-
iments (CONTROL1, CONTROL2) accession numbers [2 [3]. The "ENCFF”
prefix in accession has been omited.

Table S2: GO enrichment analysis (Biological Process) of Genes with at least
one NMD transcript (GWN) using GOrilla [4].

GO Term Description p-value FDR g-value
GO:0003824 catalytic activity 1.04E-39 4.27E-36
GO:0036094 small molecule binding 3.91E-23 8.01E-20
GO:1901265 nucleoside phosphate binding 9.60E-23 1.31E-19
GO:0000166 nucleotide binding 1.29E-22 1.32E-19
GO:0005524 ATP binding 3.56E-16 2.92E-13
GO:0005488 binding 1.22E-15 8.34E-13
GO:0035639 purine ribonucleoside triphosphate binding 1.50E-15 8.81E-13
GO:0003723 RNA binding 1.59E-15 8.15E-13
GO:0030554 adenyl nucleotide binding 1.90E-15 8.67E-13
GO:0032559 adenyl ribonucleotide binding 2.00E-15 8.21E-13
GO:0032549 ribonucleoside binding 3.31E-15 1.24E-12
GO:0001883 purine nucleoside binding 3.69E-15 1.26E-12
GO:0032550 purine ribonucleoside binding 4.11E-15 1.30E-12
GO:0001882 nucleoside binding 5.01E-15 1.47E-12
GO:0005515 protein binding 6.46E-15 1.77E-12
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Table S3: The top 15 genes with the largest gene expression fold change between
UPF1/XRN1 co-depletion and control.

ID baseMean log2FoldChange p-value Gene
TCONS_00166954 5365.64 2.562 0.01388 BRD2
TCONS_00034807  18856.60 2.539 0.01384 SNHGI1
TCONS_00176132 8304.77 2.534 0.01429 CCT6P3
TCONS_00176130 3356.49 2.525 0.01538 CCT6P3
TCONS_00001342 7025.46 2.505 0.01522 SRRM1
TCONS_00070942 3337.18 2.505 0.01596 61E3.4
TCONS_00159029 3264.56 2.498 0.01620 MATRS3
TCONS_00070925 2505.97 2.493 0.01679 SMGI1P1
TCONS_00019843 2258.43 2492 0.01721 AGAP6
TCONS_00163703 2612.10 2484 0.01699 FAMI13B
TCONS_00101194 4421.11 2.478 0.01646 SAE1l
TCONS_00182764 2072.64 2478 0.01765 DNAJC2
TCONS_00127428 9299.07 2478 0.01589 RBM39
TCONS_00010353 2930.28 2477 0.01796 CROCCP2
TCONS_00198400 2045.45 2477 0.01773 FBXW2

Table S4: GO enrichment analysis (Biological Process) of the 200 genes with
the largest fold change between UPF1/XRN1 co-depletion and control. Top 10
GO terms with P-value< 103 are shown.

GOBPID ExpCount Count Size Term

GO:0006396 7 37 936  RNA processing

GO0:0006397 3 27 491  mRNA processing

GO:0008380 3 23 428  RNA splicing

GO:0016071 6 30 812  mRNA metabolic process

GO:0000377 2 19 323  RNA splicing, via transesterification re-
actions with bulged adenosine as nucle-
ophile

GO:0000398 2 19 323  mRNA splicing, via spliceosome

GO:0000375 2 19 326  RNA splicing, via transesterification re-
actions

GO:0090304 37 65 5206 nucleic acid metabolic process

GO:0050684 1 9 112 regulation of mRNA processing

GO0:0043484 0 6 118  regulation of RNA splicing
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Table S5: GO enrichment analysis (Biological Process) of the genes hosting dif-
ferentially spliced exons (adjusted p-value< 0.05) in UPF1/XRN1 co-depletion
and control. The top 15 GO terms with P-value< 10~2 are shown.

GOBPID OddsRatio ExpCount Count Size Term

GO:0043484  30.773 0 6 118  regulation of RNA splicing

GO0:0033119 103.119 0 4 25 negative regulation of RNA splic-
ing

GO:0006396 8.886 2 12 936 RNA processing

GO:0000377 15.447 1 8 323 RNA splicing, via transesteri-
fication reactions with bulged
adenosine as nucleophile

GO:0000398 15.447 1 8 323 mRNA splicing, via spliceosome

GO:0000375 15.298 1 8 326 RNA splicing, via transesterifica-
tion reactions

GO:0048024 38.162 0 5 78 regulation of mRNA splicing, via
spliceosome

GO0:0008380 11.514 1 8 428  RNA splicing

GO:0050684 25.984 0 5 112 regulation of mRNA processing

GO:0016071  7.934 2 10 812 mRNA metabolic process

GO:0006397 9.975 1 8 491 mRNA processing

GO:0048025 92.663 0 3 20 negative regulation of mRNA
splicing, via spliceosome

GO:0050686 58.310 0 3 30 negative regulation of mRNA
processing

GO:0006406 20.329 0 4 110 mRNA export from nucleus

GO:0071427  20.329 0 4 110 mRNA-containing  ribonucleo-

protein complex export from
nucleus
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SupplementaryDataFie 1: SupplementaryDataFilel.tsv

SupplementaryDataFie 2: SupplementaryDataFile2.tsv

SupplementaryDataFie 3: SupplementaryDataFile3.tsv
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