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Figure EV1. Evolutionary conservation of sequence and structural features of XBP1-BSL.

Multiple sequence alignment of XBP1-BSL from phylogenetically diverse metazoans. Grey boxes: 7-mer loops harboring the conserved cleavage sites. Dash-outlined

box: XBP1 intron.

B Secondary structures of select sequences in (A), and their corresponding spliced RNAs. Arrowheads: scissile bonds (unspliced structure); exon—exon junction (spliced
structure). Closed circles: Watson—Crick base pairs. Open circles: Wobble base pairs. Colored arrows: stems in unspliced or spliced XBP1-BSL structures. S1, central

stem; S2, S3, arm stems; ES1 extended stem.
C Secondary structures of select sequences in (A) showing the extension of S1.
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4 Figure EV2. In vivo structure of XBP1-BSL.

A Parallel analysis of RNA structure (PARS) performed on the transcript encoding unspliced XBPI mRNA of human origin (NCBI Accession NM_005080). Data were
obtained from the Gene Expression Omnibus accession GSE50676. Nuclease digestion profiles for RNase V1 (cleaving double-stranded RNA) and S1 nuclease (cleaving
single-stranded RNA) after deep-sequencing are combined to generate a PARS score, defined as the ratio of mapped reads obtained from RNA libraries prepared after
digestion with either nuclease [22]. PARS scores for nucleotides at positions 526-583 are shown. The cut-off values for the PARS scores corresponding to the top
quartile (most significant) are indicated. The intron is colored in grey. The blue boxes indicate the 7-mer loop harboring the IRE1 cleavage site.

B Secondary structure of the region corresponding to the nucleotides shown in (A). Colored circles indicate the corresponding PARS score per position.

C UCSC Genome Browser view showing the RNA secondary structure signature of Xbpl mRNA of mouse origin as determined by in vivo click selective 2’-hydroxy!
acylation and profiling experiments (icSHAPE). The bar graphs indicate the icSHAPE reactivities reported in the Gene Expression Omnibus accession GSE64169 for the
corresponding transcript (NCBI Accession NM_018342). Cutoff values for the icSHAPE reactivity values corresponding to the top quartile (most significant) are
indicated. The intron is colored in grey. The blue boxes indicate the 7-mer loop harboring the IRE1 cleavage site.

D Secondary structure of the region corresponding to the nucleotides 817-874 of the transcript shown in (C). Colored circles indicate the corresponding icSHAPE
reactivity value above the top quartile threshold per position.
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Figure EV3. Biochemical analysis of the XBP1 splicing product.
A Secondary structures of the short RNA transcripts harboring the human XBPI-BSL (left structure) or its corresponding spliced RNA (right structure). Arrowheads:

scissile bonds (unspliced structure); exon—exon junction (spliced structure). The exon boundaries are indicated by a red guanosine, a blue cytosine. Blue closed circles:
Watson—Crick base pairing between the 5 and 3’ exons that form ES1.

Left: TBE-urea gel showing the ribonuclease T1 (RNase T1) mapping of the XBP1-BSLP°®d RNA. RNA ladders: RNA oligo mix (lane 1), and IRE1-cleaved XBP1-BSL""
(lane 2). 31* indicates the migration of a 2’-ACE-(acid-labile orthoester)-protected RNA oligonucleotide. The XBP1-BSL-derived RNA ladder was cleaved with 0.5 uM of
IRE1a-KR43. The fragments generated by RNase T1 are indicated on the right side of the gel and color coded according to their origin (see schematic). Right:
schematic of the XBP1-BSLP“*? transcript. Blue: closed circles: Watson—Crick base pairs between the 5 and 3’ exons that form ES1. Black arrowheads: preferred
cleavage sites by RNase T1. Blue arrowheads: overdigestion products generated when the distal C-G pairs of ES1 are melted. Grey arrowheads: possible cleavage
products resulting from the melting of G-U wobble base pairs at the beginning of the main stem S1. G* indicates a single inaccessible single-stranded guanosine.
Electropherograms showing the sequencing analysis of in vitro-generated splice products using XBP1-BSL" as a substrate.

Melting curves of the XBP1-BSL"" or XBP1-BSL**® RNA transcripts. The melting curve analysis is consistent with the faster-than-expected mobility of the spliced
RNA in TBE-urea—PAGE gels (this RNA migrates faster than its predicted molecular size of 70 nt, see B), which suggests it is partially denatured during TBE—urea—
PAGE electrophoresis. Mean =+ SD.

Figure EV4. The non-zipper mutant of XBP1-BSL does not disrupt the

secondary structure.

A Superimposition of the predicted tertiary structures of the non-zipper
mutant XBP1-BSL" (exons colored in blue, AG = —43.60 kcal/mol), and the
corresponding wild-type XBP1-BSL (exons colored in gold,

The intron is colored in grey. The guanosines 3’ of the scissile bond are
colored in red. Mutant bases that disrupt the exon—exon base pairing after
cleavage are colored in green.

B TBE-urea gels showing the RNase T1 mapping of the XBP1-BSL™ or XBP1-
BSL"T RNAs. RNA ladders: RNA oligo mix (lanes 1 and 10), and IRE1-cleaved
XBP1-BSL (lanes 2 and 11). 31* indicates the migration of a 2/-ACE-(acid-
labile orthoester)-protected RNA oligonucleotide. The XBP1-BSL-derived
RNA ladder was cleaved with 0.5 pM of IRE1ai-KR43.

C Melting curves of the XBP1-BSL"" or XBP1-BSL"? RNA transcripts. Mean =+
SD.
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AG = —43.10 kcal/mol) RNAs used in this study. Arrowheads: scissile bonds.
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Figure EV5. Alternative secondary structures for XBP1-BSL.
Predicted secondary (top) and tertiary (bottom) structures of the wild-type human XBP1-BSL RNA probe used throughout this study. Arrowheads: scissile bonds. Calculated
distances between scissile bonds are indicated. Dashed arrowheads: scissile bonds placed in a context distinct from the 7-mer loop recognized by IRE1.
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