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Figure S1. Evidence that speckle-localized HSPA1A mRNAs were released to the cytoplasm rather than being degraded. (A) HeLa cells were treated 
with Cntl siRNA for 72 h. The HSPA1A mRNA transcribed from the microinjected reporter construct was detected by FISH with the 3′ vector probe at the in-
dicated time after addition of α-amanitin (4 µg/ml). NSs were detected by the SRSF2 antibody. Confocal microscopy was used to visualize the cells. The red 
and green lines in the line scan graphs demonstrate the intensities of the mRNA and the SRSF2 IF signals, respectively. Colocalization indexes of the HSPA1A 
FISH foci and SRSF2 dots at each time point are shown on the right. Data represent the mean ± SD from three independent experiments; n = 10. (B) Same 
as in A, except that the Mtr4 and XRN2 siRNA were used. (C) Quantification of HSPA1A mRNA FISH signals in nucleus or cytoplasm from cells in A and B. Data 
represent the mean ± SD from three independent experiments; n = 10. (D) Western blotting analysis of XRN2 and Mtr4 shown the knockdown (KD) efficiency. 
Molecular masses are given in kilodaltons. (E) RT-qPCRs examine the relative abundance of three exosome targets (ATOH7, DNA JC30, and AP003733 mRNAs) 
in HeLa cells treated with Cntl or MTR4/XRN2 siRNAs. Data represent the mean ± SEM; n = 3. (F) Quantification of JUND mRNA and HSPA1A mRNA FISH 
total signals in cells in Fig. 1 C and panels A and B. Data represent the mean ± SD from three independent experiments; n = 10. (G) Multiple fields of cells at 
the 120-min time point shown in Fig. 1 C. FISH with the 3′ vector probe and IF with the SRSF2 antibody were performed to indicate the mRNAs and NSs. 
Confocal microscopy was used to visualize the cells. Bars, 20 µm. Statistical analysis was performed using an unpaired t test. ***, P < 0.01.

https://doi.org/10.1083/jcb.201801184


Journal of Cell Biology
https://doi.org/10.1083/jcb.201801184

Wang et al. 
Nuclear speckles function in intronless mRNA export

S20

Figure S2. Multiple fragments of HSPA1A and JUND mRNAs associate with NSs. (A) Constructs expressing the no. 1, no. 5, and no. 6 HSPA1A fragments 
shown in Fig. 5 A were microinjected into HeLa nuclei, and α-amanitin (4 µg/ml) was added 20 min after injection. 30 min after the addition of α-amanitin, 
FISH with the 3′ vector probe and IF with the SRSF2 antibody were performed. Confocal microscopy was used to visualize the cells. The red and green lines 
in the line scan graphs demonstrate the intensities of the mRNA and the SRSF2 IF signals, respectively. (B) The colocalization index of RNA foci with SRSF2 
speckles in each group shown in A. (C) Top: Schematic of JUND fragment constructs. The promoter and polyA (pA) site are shown. Sequences from the vector 
and JUND gene fragments are indicated as a cyan line and an orange bar respectively. The position of the FISH probe is marked with a red broken line. Bottom: 
Equal amounts of JUND fragment constructs shown in the top were microinjected into HeLa nuclei. α-Amanitin (4 µg/ml) was added 20 min after microinjec-
tion. 40 min after the addition of α-amanitin, FISH with the 3′ vector probe and IF with the SRSF2 antibody was performed. Confocal microscopy was used 
to visualize the cells. The red and green lines in the line scan graphs demonstrate the intensities of the mRNA and the SRSF2 IF signals, respectively. FL, full 
length. (D) The colocalization indexes of mRNA foci and SRSF2 speckles in each group are shown in C. Bars, 20 μm. Data represent the mean ± SD from three 
independent experiments; n = 10.
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Figure S3. The presence of ESEs in naturally intronless genes. (A) The graph shows the frequency distribution of ESEs in naturally intronless genes.  
(B) The graph shows the normalized distribution of ESEs in naturally intronless genes. μ = 30.08; σ = 17.21. (C) ESEs that are highly enriched in intronless 
genes are highlighted in STE1 and STE2. (D) The distribution of the 5′-GAC GTC-3′ and 5′-GAG GAG-3′ ESE motifs in the HSPA1A coding region are highlighted 
with red and cyan, respectively. (E) Introducing ESEs did not cause cryptic splicing events of the cG mRNA. Left: Schematic of β-globin constructs. The posi-
tion of the primers (red arrows) and the size of the PCR products are indicated. Right: The RT-PCR product from each mRNA run on an agarose gel, and a size 
standard was loaded on the left.
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Figure S4. The roles of SR and TREX proteins in speckle localization and nuclear export of intronless mRNAs. (A) Cntl siRNA or siRNAs targeting 
different SRSF proteins as indicated were transfected to HeLa cells. 72 h later, RT-qPCRs were performed to examine the knockdown (KD) efficiencies. Data 
represent the mean ± SEM; n = 3. (B) Cntl siRNA or combination of siRNAs targeting different SRSF proteins as indicated was transfected to HeLa cells. 72 h 
later, distribution of the endogenous HSPA1A mRNA was detected with its specific probe. PAB PN1 IF shows the location of NSs. Confocal microscopy was 
used to visualize the cells. The green and red lines in the line scan graphs demonstrate the intensities of the mRNA and the PNB PN1 IF signals, respectively. 
Colocalization indexes of the HSPA1A mRNA foci and PAB PN1 dots at each time point are shown on the right. Data represent the mean ± SD from three in-
dependent experiments; n = 10. (C) Same as in B, except the endogenous RHOB mRNA was detected. (D) The cG or cG-M6 (100 ng/µl) construct was cotrans-
fected with the GFP-MS2 (Cntl) or MS2-SRSF2 (10 ng/µl) construct into HeLa nuclei. N/C separations were performed 24 h after transfection followed by 
RNA extraction and RT-qPCRs. Western blotting was used to examine the purities of nuclear and cytoplasmic fractions by using UAP56 and tubulin as nuclear 
and cytoplasmic markers, respectively. Ratios of nuclear to cytoplasmic β-globin mRNAs after normalization to NEAT1 (nucleus) and GAP DH (cytoplasm) in 
each fraction are presented in the bar graph. Data represent the mean ± SEM; n = 3. Molecular masses are given in kilodaltons. (E) HeLa cells were treated 
with UAP56/URH49 siRNA for 48 h to achieve efficient mRNA nuclear retention and to avoid a secondary effect. The HSPA1A mRNA transcribed from the 
microinjected reporter construct was detected by FISH with the 3′ vector probe at the indicated times after addition of α-amanitin (4 µg/ml). NSs were de-
tected by the SRSF2 antibody. Confocal microscopy was used to visualize the cells. The red and green lines in the line scan graphs demonstrate the intensities 
of the mRNA and the SRSF2 IF signals, respectively. The colocalization indexes of the HSPA1A FISH foci and SRSF2 foci at each time point are shown in the 
right top graph. The total FISH signal at each time point is shown in the right bottom graph. Data represent the mean ± SD from three independent experi-
ments; n = 10. (F) Distribution of the endogenous (Endo) ZXDB mRNA was detected with its specific probe in cells treated with indicated siRNAs (note that 
to achieve efficient mRNA nuclear retention and to avoid a secondary effect, the cells were treated with UAP56/URH49 or NXF1 siRNAs for 48 h). SRSF2 IF 
shows the location of NSs. Higher magnification of the boxed regions is shown. Confocal microscopy was used to visualize the cells. The green and red in the 
line scan graphs demonstrate the intensities of the mRNA and the SRSF2 IF signals, respectively. The bar graphs show the average N/C ratios and colocaliza-
tion indexes in each treatment group. Data represent the mean ± SD from three independent experiments; n = 10. (G) HeLa cells were treated with UAP56/
URH49 siRNA for 48 h to achieve efficient mRNA nuclear retention and avoid a secondary effect. Total RNA was extracted, followed by RT-qPCRs. The bar 
graphs show the relative abundance of endogenous HSPA1A, RHOB, or ZXDB mRNAs. Data represent the mean ± SEM; n = 3. Bars, 20 µm. Statistical analysis 
was performed using an unpaired t test. *, P < 0.05; ***, P < 0.01.
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Figure S5. SEP1 facilitates speckles association of cDNA transcripts. The cG-SEP1 construct was microinjected into HeLa nuclei. α-Amanitin (4 µg/ml) 
was added 20 min after microinjection. To examine speckle localization, 2 h after the addition of α-amanitin, FISH with the 3′ vector probe and IF with the 
SRSF2 antibody were performed. Bar, 20 µm. Confocal microscopy was used to visualize the cells. The red and green lines in the line scan graphs demon-
strate the intensities of the mRNA and the SRSF2 IF signals, respectively. The colocalization indexes of mRNA foci and SRSF2 speckles are shown. Data 
represent the mean ± SD from three independent experiments; n = 10.

Video 1. Colocalization of JUND mRNA with SRSF2. 3D reconstitution of JUND mRNA (green) and SRSF2 (red) in HeLa cells was 
performed with FV10-ASW software based on z stack images captured with a FLU OVI EW FV1000 microscope. The 
frame is 70 × 70 µm.

Video 2. Colocalization of HSPA1A mRNA with SRSF2. Same as Video 1, except that the HSPA1A mRNA was detected.

Video 3. Colocalization of RHOB mRNA with SRSF2. Same as Video 1, except that the RHOB mRNA was detected.
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Video 4. Colocalization of ZXDB mRNA with SRSF2. Same as Video 1, except that the ZXDB mRNA was detected.

Table S1. siRNA and ASO targeting sequences

Name Target sequence (5′–3′)

si Cntl CGT ACG CGG AAT ACT TCGA

si SRSF1 CGA CGG CTA TGA TTA CGAT

si SRSF2 AAT CCA GGT CGC GAT CGAA

si SRSF3 CTA TGT GGC TGC CGT GTAA

si SRSF4 GAA TCA CGC TCC AGA TCAA

si SRSF5 CAA GGG ATA TGG ACG GATA

si SRSF6 GCA GAT CTA AGG ATG AGTA

si SRSF7 CCT CGA CGA TCA AGA TCTA

si UAP56 AAG GGC TTG GCT ATC ACAT

si URH49 AAA GGC CTA GCC ATC ACTT

si NXF1 GCG CCA TTC GCG AAC GATT

si MTR4 GCA CAG ATT GCA ATA GATA

si XRN2 ACA CTG TAG TCA GTA TTAA

Cntl ASO GGA GGA ACC TTC AGG GAA GG

HSPA1A ASO GCG TCC GGA AGG ACC GAG CT

JUND ASO ACG CGC TGA CGC TGA GCC TG

RHOB ASO CCA TCC CAG TGT CTG TGT GC

ZXDB ASO CCG AGT CCA CCG AGG CCC TG

Table S2. Probe sequences

Name Gene ID Sequences (5′–3′)

3′ vector probe — AAG GCA CGG GGG AGG GGC AAA CAA CAG ATG GCT GG

CAA CTA GAA GGC ACA GTC GAG GCT GAT CAG CGG GT

5′ vector probe — AAG TTT AAA CGC TAG CCA GCT TGG GTC TCC CTA TAGT

GAG TCG TAT TAA TTT CGA TAA GCC AGT AAG CAG

β-globin probe — CAC GTT GCC CAG GAG CCT GAA GTT CTC AGG

Cntl probe NR_045321.1 Sequence of mouse Gm14635 lncRNA region (682–1,222 nt)

HSPA1A probe NM_005345.5 Antisense sequence of human HSPA1A mRNA region (51–1,206 nt)

JUND probe NM_005354.5 Antisense sequence of human JUND mRNA region (173–1,216 nt)

RHOB probe NM_004040.3 Antisense sequence of human RHOB mRNA region (408–1,409 nt)

ZXDB probe NM_007157.3 Antisense sequence of human ZXDB mRNA region (214–1,206 nt)

NEAT1 probe NR_028272.1 Antisense sequence of human NEAT1 lncRNA region (913–1,967 nt)
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Table S3. Primer sequences

Name Sequence (5′–3′)

β-globin F AGA ACT TCA GGC TCC TGG GC

β-globin R TCT GGG ACG TCG TAT GGG TAG

Smad F ACA CCA GCA GTT TTA CCA CCTG

Smad R ATG GAA TGC GTG TAG TCA TCA AG

HSPA1A F TGC TCC GAC CTG TTC CG

HSPA1A R CTC GTC GGG GTT GAT GC

JUND F CGC CTC CTA CCC CCC TG

JUND R AGC CCG TTG GAC TGG ATG AT

RHOB F AAG GGT GGT GAT GGG TG

RHOB R CTG GTG GAG GGT TCG CA

ZXDB F GAT AAT GGA GCA GTG GAGG

ZXDB R TAG TTG GAA TGG GAG TTGG

GAP DH F AGG GCT GCT TTT AAC TCT GGT

GAP DH R CCC CAC TTG ATT TTG GAG GGA

NEAT1 F GCG AGG TGC CTT TAC TAC AT

NEAT1 R TGG AAC CCA GAA GAC AGAA

SRSF1 F CAG AGT GGT TGT CTC TG

SRSF1 R CTC CAC GAC ACC AGT GCC

SRSF2 F GGA CGC CGG AGC CGC AG

SRSF2 R GAG ATC GAG AAC GAG TGC

SRSF3 F AAT GGC AAC AAG ACG GAAT

SRSF3 R AGT TCC ACT CTT ACA CGGC

SRSF4 F CGA GGA GAG AGT GAG AATG

SRSF4 R GCT ACG GCT ACC AAA CAT

SRSF5 F GAT CCA AGG GAT GCA GATG

SRSF5 R CTA TCA TTT CGA GGT CTG CG

SRSF6 F GTG GAT ACA GCA GTC GG

SRSF6 R CTG GAT CTG CTT CCA GAG

SRSF7 F GGT CTA GAT CAC ATT CTCG

SRSF7 R CCA GAC CTA GAT CTT CTG

pre-COL1A1 F GCT GGG GAG CAA AGT TCTA

pre-COL1A1 R GCT GGG GAG CAA AGT TCTA

pre-PTB1 F GGC AGG CAG CAG GAG AC

pre-PTB1 R TCT GCA CTA GGG CGT TCTC

pre-DDX39B F AAC CCT GGG GGG ATT GG

pre-DDX39B R CGA CGA TAT GCG GGC AGT

T7 F AAT ACG ACT CAC TAT AGGG

SP6 R ATT TAG GTG ACA CTA TAG


