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3D rednered image of Figure 1C

Figure S1. Expression of 4XxNLS-sfGFP reporter at the MTJ in isolated EDL myofibers
The myofiber shown in Fig. 1C was subjected to z-stack acquisition followed by 3D rendering. A
rotating view of the entire fiber is provided in Supplementary Video 1.
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Figure S2. Specificity of the MTJ-AAV system (4XNLS-sfGFP)

(A) RNAscope for Ttn or Neb combined with GFP and Collagen IV (CollV) immunostaining in
longitudinal TA sections from mice intramuscularly injected with MTJ-AAV carrying the 4xNLS-
SfGFP reporter. All GFP-positive nuclei co-express Ttn and Neb, confirming their myonuclear
identity.

(B) Co-immunostaining of GFP with the indicated lineage markers, demonstrating that GFP-
positive nuclei do not co-localize with these cell populations.

(C) Quantification of the experiments shown in (A) and (B) (n = 3).

Error bars indicate S.E.M. Scale bars, 50 um.



Specificity after Cre-mediated recombination at the MTJ to express H2B-GFP
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Figure S3. Specificity of the MTJ-AAYV system (H2B-GFP)
(A-C) Same analyses as shown in Fig. S2, but performed in Rosa26-LSL-H2B-GFP reporter mice

following intramuscular injection of MTJ-AAV carrying Cre-NLS (n = 3).
Error bars indicate S.E.M. Scale bars, 50 pum.
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Figure S4. H2B-GFP is more diffusive than 4xNLS-sfGFP

(A) Immunohistochemistry for Cre and GFP in TA muscles of Rosa26-LSL-H2B-GFP mice
injected with MTJ-AAV-Cre-NLS. Arrows indicate GFP and Cre double positive nuclei. Scale
bars, 50 pum.

(B) Quantification of Cre-positive nuclei among GFP-expressing nuclei (n = 6).

(C) Wild-type mice were intramuscularly injected with MTJ-AAV-H2B-GFP, and labeling
efficiency and specificity were quantified (n = 3).

Error bars indicate S.E.M.



Ribosome labeing using Rosa26-LSL-GFP-L10a line

Figure S5. Ribosome tagging using the Ribo-Trap line results in a more diffuse labeling
pattern than the RiboTag line

Tile-scan images of TA muscles from Rosa26-LSL-GFP-L10a mice injected with MTJ-AAV
carrying Cre-NLS. The right panels show higher-magnification views of the boxed regions. Scale
bars, 1000 pum for the tile-scan image and 100 pum for the inset image.
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Figure S6. Analyses related to MTJ translational profiling in sedentary muscles

(A) Scatter plot comparing the RiboTag-Seq and snRNA-seq datasets (Petrany et al.). Note the
substantial discordance between the translatome and transcriptome, and the four gene categories
defined by their differential enrichment patterns.

(B) Heatmap showing genes enriched or depleted at the MTJ at the translatome and/or
transcriptome level. ‘snRNA none’ indicates genes that were not significantly enriched nor
depleted at the transcript level. For each gene, its identification as an MTJ transcriptional marker
in the two published studies (Kim et al. and Petrany et al.) is indicated on the left. Note that these
previously identified MTJ markers are heavily concentrated in the ‘Ribo up / sSnRNA up’ category,
indicating that their MTJ enrichment is largely explained by transcription. The complete gene list
is provided in Supplementary Table 2.

(C) Gene Ontology (biological process) analysis of genes enriched exclusively at the transcriptome
level in the MTJ.

(D) Heatmap showing representative MTJ ribosome-depleted transcripts.

(E) Gene Ontology analysis of translationally depleted genes at the MTJ.
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Figure S7. Analyses related to MTJ translational profiling in exercised muscles

(A) Comparison of genes enriched in whole-muscle ribosomes (CK8-Cre—labeled) or MTJ
ribosomes (Tigd4-Cre labeled) following exercise relative to sedentary conditions.

(B) Venn diagram showing overlap between translationally upregulated genes upon exercise in
whole muscle and MTJ. The p-value was calculated using a hypergeometric test with a total
background of 21,900 protein-coding genes in the mouse genome.

(C) Reactome pathway analysis of the commonly enriched genes identified in (D).

(D) Venn diagram showing overlap between translationally upregulated genes at the MTJ under
sedentary and exercised conditions. The p-value was calculated using a hypergeometric test with
a total background of 21,900 protein-coding genes in the mouse genome.

(E, F) Gene Ontology (biological process) analyses of genes enriched (E) or depleted (F) in MTJ-
associated ribosomes following exercise.
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Figure S8. Validation of translational targets

(A) RNAscope of indicated transcripts in isolated EDL myofibers. Scale bar, 100 pum

(B) MTJ and non-MTJ parts of Soleus muscle were surgically separated and examined by Western
blotting (n=3).

(C) Immunostaining of Cpne2 proteins in isolated EDL myofibers. Scale bar, 100 um
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Figure S9. KLF factors control the expression of MTJ genes
(A) Longitudinal sections of TA muscle were immunostained with an anti-KIf2 antibody. Note the

stronger expression of KLF2 along the MTJ. T, tendon. Scale bar, 100 pm

(B) Genome browser tracks of ATAC-Seq peaks at the Tigd4 and Col22al genes and location of
KLF motifs.

(C) Reduced Col22al protein expression at the MTJ following KLF2-DN expression. Whole-
muscle tile-scan images of TA sections stained for Col22al and Collagen 1V are shown. All
samples were acquired and processed under identical imaging conditions. Note that Col22al is
specifically enriched at the MTJ, whereas Collagen 1V is expressed throughout the muscle. Scale
bars, 1000 pm.

(D) Quantification of (C) (n=5). Paired student’s t-test, *, P < 0.05.
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Figure S10. Global repression of MTJ gene signature by KLF2-DN revealed by snRNA-Seq
of TA muscles.

(A) Integrated UMAP of TA muscles from four Cre-NLS injected (control) and four KLF2-DN
injected mice. Cluster 10 corresponds to MTJ myonuclei, as indicated by the expression of Tigd4
and Col22al. Cre-NLS and KLF2-DN transcripts were also detected predominantly within the MTJ
cluster.

(B) Cre-NLS positive and KLF2-DN positive nuclei were extracted, and the MTJ gene signature
score was quantified. Paired student’s t-test, *, P < 0.05.



Table S1. Genes up- and down-regulated in MTJ by bulk RNA-Seq in Figure 1G
Table S2. Full list of genes in the heatmap of Figure S6B

Table S3. Marker genes from RiboTag-Seq experiments

Sheet #1: Translationally induced genes in whole muscle (CKS8) after exercise
Sheet #2: Translationally induced genes in MTJ after exercise

Sheet #3: Translationally enriched genes at the MTJ compared to whole muscle in sedentary
condition

Sheet #4: Translationally enriched genes at the MTJ compared to whole muscle after exercise

Supplementary Video 1. Rotating video of 3D rendered image of myofiber in Figure 1C

Supplementary file 1. DNA sequence of AAV capsid used in this study





