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Figure EV2. fbl-1 and fbl-2 expression in homeostasis and regeneration.

(A) Colorimetric WISH images show staining with probes for piwi-1, fbl-1, and fbl-2 in intact asexual planarians at 0-day post irradiation (dpi) and 1 dpi. n= 3. Scale
bar= 500 μm. (B) Quantification of WISH images in (A). Each dot represents an individual replicate. n= 3. Two-tailed unpaired student’s t-test calculated the p values.
Data were represented as mean ± SEM. (C) Colorimetric WISH of fbl-1 transcripts during regeneration at 0, 3, 6, 12, 24, and 48 hpa. n= 3. Scale bar= 500 μm. (C’)
Quantification of fbl-1 signals during regeneration at 0, 3, 6, 12, 24, and 48 hpa. Each dot represents an individual replicate. Two-tailed unpaired student’s t-test calculated
the p values. Data were represented as mean ± SEM. (D) Colorimetric WISH of fbl-2 transcripts during regeneration at 0, 3, 6, 12, 24, and 48 hpa. n= 3. Scale
bar= 500 μm. (D’) Quantification of fbl-2 signals during regeneration at 0, 3, 6, 12, 24, and 48 hpa. Each dot represents an individual replicate. Two-tailed unpaired
student’s t-test calculated the p values. Data were represented as mean ± SEM. (E) Heatmap shows the expression levels of fbl-1, fbl-2, stem cell markers, epidermis
markers, and wound response genes at various time points, including 0, 3, 6, 12, 24, and 48 hpa based on a published RNA-seq data (Zeng et al, 2018). Black boxes indicate
the differentially expressed genes (adjusted p < 0.05) compared to the expression levels at 0 h. (F) Heatmap shows the expression levels of fbl-1, fbl-2, stem cell markers,
epidermis markers, and wound response genes at various time points, including 0, 3, 6, 16, 24, and 48 hpa based on a published RNA-seq data (Scimone et al, 2022). Black
boxes indicate the differentially expressed genes (adjusted p < 0.05) compared to the expression levels at 0 h.
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Figure EV3. Various cell lineage development in fbl-1 KD and fbl-2 KD planarians compared with egfp KD control animals.

(A) Representative immunofluorescent images of proliferating cells (H3P+) in egfp KD control and fbl-1 KD animals at 6 and 48 hpa. n= 5–6. Scale bar= 200 μm. White
dotted lines indicate the boundary of animals. (B) Quantification of proliferating cells (H3P+) in egfp KD control and fbl-1 KD animals at 6 and 48 hpa. Data were
represented as mean ± SEM. Each dot represents an individual replicate. n= 5–6. Two-tailed unpaired student’s t-test calculated the p values. (C) Expression of stem cell
marker piwi-1, epidermal progenitor marker prog-1, intestinal markers hnf4 and gata4/5/6, and neuronal marker pc2 in egfp KD control and fbl-1 KD animals at 7 dpf.
n= 3–4. Scale bar= 200 μm. (D) Bar plot shows the quantitative real-time PCR for the expression levels of epidermal cell signatures (prog-1, egr-5, AGAT-1, zpuf-6, vim-1,
vim-3, zpuf-1, zpuf-3, zpuf-4, and ttpal) in fbl-2 KD animals compared with egfp KD controls at 7 dpf. n= 9. Each dot represents an individual replicate. Two-tailed unpaired
student’s t-test calculated the p values. Data were represented as mean ± SEM. (E) Bar plot shows the quantitation of the mean intensity of epidermal cell signatures (prog-
1, egr-5, AGAT-1, zpuf-6, vim-1, vim-3, zpuf-1, zpuf-3, zpuf-4, and ttpal) from FISH in fbl-2 KD animals compared with egfp KD controls at 7 dpf. n > 10. Each dot represents an
individual replicate. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as mean ± SEM. (F) FISH images for vim-3+ cells and AGAT-1+ cells
in fbl-2 KD animals compared with egfp KD controls at 21 dpf. Scale bars= 200 μm. (G) FISH images indicate the enlarged regions in the pink (R1) and the green (R2)
dashed square in panel (F). Scale bars= 20 μm. (H) Quantification of vim-3+ cells at the R1 and R2 regions at 21 dpf after fbl-2 KD. n= 3. Each dot represents an individual
replicate. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as mean ± SEM. (I) Quantification of AGAT-1+ cells at the R1 and R2 regions
at 21 dpf after fbl-2 KD. n= 3. Each dot represents an individual replicate. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as
mean ± SEM.
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Figure EV4. Identification of rRNA modification sites in planarians.

(A) Venn diagram shows the fully 2′-O-methylated sites in 18S rRNA by overlapping sites with Methscore >0.85 and <1, in 5′ and 3′ end from egfp KD control. (B) Venn
diagram shows the fully 2′-O-methylated sites in 28S rRNA by overlapping sites with Methscore >0.85 and <1, in 5′ and 3′ end from egfp KD control. (C) Venn diagram
shows the partially 2′-O-methylated sites in 18S rRNA by overlapping sites with Methscore >0.65 and <0.85, in 5′ and 3′ end from egfp KD control. (D) Venn diagram
shows the partially 2′-O-methylated sites in 28S rRNA by overlapping sites with Methscore >0.65 and <0.85, in 5′ and 3′ end from egfp KD control. (E) Planarian rRNA 2’-
O-methylation sites in 18S rRNA known in human cells. (F) Planarian rRNA 2′-O-methylation sites in 28S rRNA known in human cells. (G) The detection of fully 2′-O-
methylated sites in 18S rRNA by RTL-PCR during regeneration (48 hpa). H high dNTP, L low dNTP, Pc primer for control (RT-A anchored reverse transcription primers, FD
forward downstream primer), Pe primer for examination (RT-U unanchored reverse transcription primers, FU forward upstream primer). (H) The detection of fully 2′-O-
methylated sites in 28S rRNA by RTL-PCR during regeneration (48 hpa). (I) Quantification of the band intensity of fully 2′-O-methylated sites in 18S rRNA by RTL-PCR in
(G). Each dot represents an individual replicate. n= 3. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as mean ± SEM. (J)
Quantification of the band intensity of fully 2′-O-methylated sites in 28S rRNA by RTL-PCR in (H). Each dot represents an individual replicate. Two-tailed unpaired
student’s t-test calculated the p values. Data were represented as mean ± SEM. (K−M) The detection of Am28 in 18S rRNA (K), Um1228 in 18S rRNA (L), and Am937 in
28S rRNA (M) by RTL-PCR during homeostasis (intact) and regeneration (24, 48, and 72 hpa). (K’–M’) Quantification of the band intensity of RTL-PCR in K (K’), L (L’), and
M (M’). Each dot represents an individual replicate. n= 3. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as mean ± SEM.
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Figure EV5. Nucleolar structure and relative expression levels of 18S rRNA and 28S rRNA after KD of fbl-1 and fbl-2.

(A) Transmission electron microscope images show the nucleolar structure in epidermal cells (n= 6 for each condition) and stem cells (n= 8 for each condition) upon fbl-
1 and fbl-2 KD compared to egfp KD. Scale bar= 1 nm. (B) Relative expression levels of 18S rRNA and 28S rRNA after KD of fbl-1 and fbl-2. n= 5–6 biological replicates.
Each dot represents an individual animal. One-way ANOVA with Dunnett’s multiple comparisons calculated adjusted p values. Data were represented as mean ± SEM. (C)
Quantification of rRNA intermediates and mature rRNAs. Precursor rRNA 47/45S, intermediates 30S, 26S, 41S, 36/32S, 18S, and 28S α and β rRNAs are normalized to
gapdh. n= 3 biological replicates. One-way ANOVA with Sidak’s test calculated adjusted p values. Data were represented as mean ± SEM. (D) Overall protein synthesis
rates during homeostasis (intact) and regeneration (48 hpa) under the indicated treatment by labeling puromycin. n= 3. (E) Quantification of protein synthesis rates
normalized to total protein during homeostasis (intact) and regeneration (48 hpa). n= 3. Each dot represents an individual replicate. Two-way ANOVA with Sidak’s
multiple comparisons tests calculated the p values. Data were represented as mean ± SEM.

The EMBO Journal Jiajia Chen et al

6620 The EMBO Journal Volume 43 | Issue 24 | December 2024 | 6591 –6625 © The Author(s)



Jiajia Chen et al The EMBO Journal

© The Author(s) The EMBO Journal Volume 43 | Issue 24 | December 2024 | 6591 –6625 6621



Figure EV6. rMATS analysis upon fbl-1 KD.

(A) Bar plot shows the metagene read distribution of control Ribo-seq around the start codon and stop codon. Read positions relative to open reading frames (ORF0, 1, 2)
are shown in different colors. (B) Read distribution at 5′UTR, CDS, and 3′UTR regions in Ribo-seq analysis of egfp KD control. (C) Quantile-quantile plot shows genes in
transcriptional level (RNA-seq) and translational level (Ribo-seq) in the egfp KD control group. The upper portion of the plot displays the R2 value and the linear formula.
(D) The Spearman correlation between RNA-seq and Ribo-seq in the egfp KD control group. (E) Heatmap shows differentially expressed genes (adjusted p < 0.05)
enriched in neoblasts and epidermal early progenitors, including piwi-1 and prog-1 in fbl-1 KD planarians compared to egfp KD controls at 48 hpa. (F) Table shows
transcripts in each category in Fig. 6A that show a Log2Fold Change (FC) with a cut-off value of ±0.8 in transcription or translational efficiency and false discovery rate
(FDR) of translation cut-off values of 0.05 and 0.25. (G) Pie chart shows translational efficiency downregulated mRNA in multiple cell types upon fbl-1 KD. (H). Gene
ontology of translational efficiency downregulated mRNAs in neoblasts, through an overlay of our data with previously published single-cell RNA-seq, revealed the
pathway enrichment upon fbl-1 KD. (I–L) Gene isoforms of rfwd3, fzr1, dna2, aspm referring to WormBase ParaSite 18: Schmidtea mediterranea (PRJNA885486). Assembly:
schMedS3_haplotype1. Region of rfwd3: Scaffold 1_h1:94,839,052-94,845,427. Region of fzr1: Scaffold 1_h1:210,501,355-210,514,356. Region of dna2: Scaffold
2_h1:198,858,635-198,876,981. Squares indicate gene region with alternative splicing. Region of aspm: Scaffold 4_h1:21,144,144-21,159,115. IncLevel, inclusion level. (M) Live
images show regenerative defects of worms with indicated KD treatment. n= 30. Scale bar= 500 μm. (N) Quantification of H3P+ cells in worms with indicated KD
treatment. Each dot indicates one sample. n= 7–15. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as mean ± SEM.
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Figure EV7. Phenotype analysis after KD of genes in TE down upon fbl-2 KD.

(A) Gene ontology of translational efficiency downregulated mRNAs in the epidermis through an overlay of our data with previously published single-cell RNA-seq
revealed pathway enrichment upon fbl-2 KD. (B) Live images (n= 30) and FISH show regenerative defects of syt2 KD, chrna6 KD, lims1 KD and spac17g8.11c KD animals
compared to egfp KD controls at 7 dpa. Scale bar= 500 μm in live images and =20 μm in FISH images. Cartoon illustrations show the displayed regions. (C) Bar plot
shows the quantification of the density of AGAT-1+ cells at the posterior regions of regenerating trunks after KD of egfp, syt2, chrna6, lims1, and spac17g8.11c. n= 3. Data
were represented as mean ± SEM. Each dot represents an individual replicate. Two-tailed unpaired student’s t-test calculated the p values. Data were represented as
mean ± SEM. (D) Live images (n= 30) and FISH show homeostatic defects of ace KD and gfi1 KD animals compared to egfp KD controls at 7 dpf. Scale bar= 500 μm in live
images and =20 μm in FISH images. Cartoon illustrations show the displayed regions. (E) Bar plot shows the quantification of the density of AGAT-1+ cells at the wound
sites in egfp KD, ace KD, and gfi1 KD animals. n= 3. Data were represented as mean ± SEM. Each dot represents an individual replicate. Two-tailed unpaired student’s t-test
calculated the p values. Data were represented as mean ± SEM. (F) Bar plot shows the quantification of the density of zpuf-6+ cells at the wound sites in egfp KD, ace KD,
and gfi1 KD animals. n= 3. Data were represented as mean ± SEM. Each dot represents an individual replicate. Two-tailed unpaired student’s t-test calculated the p values.
(G) Bar plot shows the gene ontology of translational efficiency upregulated mRNA (TE up) upon fbl-1 KD. GO terms with p adjust <0.05. Fisher’s Exact test with
Benjamini–Hochberg for multiple test corrections. (H) Bar plot shows the gene ontology of translational efficiency upregulated mRNA (TE up) upon fbl-2 KD. GO terms
with p adjust <0.05. Fisher’s Exact test with Benjamini–Hochberg for multiple test corrections.
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Figure EV8. Motif analysis of promoters of fbl-1 and fbl-2.

(A) Binding motif sequences of putative transcription factors predicted from the promoters of fbl-1 and fbl-2. (B) Live images of worms with indicated KD treatment at 7
dpa. n= 5. Scale bar= 500 μm. (C) FISH images show the coexpression of putative transcription factors in fbl-2+ cells. The white arrow indicated double positive cells.
Scale bar= 10 μm. (D) FISH images show notum and wnt-1 signals at the anterior and posterior pole of regenerated tissue upon egfp KD, hoxB13 KD, foxL1 KD, and nr4A KD.
Scale bar= 20 μm. (E) Violin plot of quantification of notum+ cell number and the distance between wnt-1+ cell and the anterior tip in tails of egfp KD, hoxB13 KD, foxL1 KD,
and nr4A KD animals at 72 hpa. Each dot represents the cell number and cell distance measured from an individual animal and individual notum+ cell in the left and right
panels, respectively. n= 4–5. One-way ANOVA with the Tukey test calculated adjusted p values. Data were represented as mean ± SEM. (F) Violin plot of quantification of
wnt-1+ cell number and the distance between wnt-1+ cell and the posterior tip in heads of egfp KD, hoxB13 KD, foxL1 KD, and nr4A KD animals at 72 hpa. Each dot represents
the cell number and cell distance measured from an individual animal and individual wnt-1+ cell in the left and right panels, respectively. n= 4–5. One-way ANOVA with the
Tukey test calculated adjusted p values. Data were represented as mean ± SEM.
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