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Supplementary Fig. 1. Construction of the scCAMERA.

(A) List of miRNAs whose promoter is located in the intron of another protein-coding gene and is
transcribed in the same direction as the host gene. (B) Maximum projection images showing expression
of representative fluorescence reporters of mMiRNAs at representative embryonic stages and the L1 stage.
(C) Representative examples illustrate changes in the expression levels of miRNA-pr across multiple time
points in a cell. | and Il denote early and later time windows, respectively. The first two cases were
annotated as having increased expression, indicating that the promoter is active in the cell. (D) Summary
of embryonic miRNA-pr expression as cell track expression. A cell track is a sequence of temporally-
ordered mother-daughter cells that proceeds from early progenitor cells to individual terminal cells. The
figure exemplifies parts of two cell tracks (circles linked by dashed arrows) within the cell lineage tree.
MiRNA expression levels are averaged across all cells with expression in a track to summarize
expression during the development of each terminal cell. Cells are colored according to expression levels,
and the barcode on the bottom represents averaged expression along all cell tracks. (E) Flow chart of
the strategies to select representative expression patterns among multiple reporter strains of the same
mMiRNA. Details on the rules are provided in the Methods. (F, G) Two representative examples (F for miR-
1 and G for miR-232) illustrate the selection of the most representative expression patterns among all
observed patterns in different reporter strains for a single miRNA.
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Supplementary Fig. 2. Reproducibility of miRNA expression.

(A) Pearson correlation coefficient (R) of single-cell expression between experimental replicates of the
same mMiRNA reporter. Only reporter strains with the most representative expression and with 25
expressing cells in all experimental replicates were included (n = 21). Only embryos with identical
orientation (dorsal or ventral side facing the objective at the 350-cell stage) were compared (30 pairs).
Each dot represents a comparison. (B) Correlation of miRNA-pr expression in equivalent cells (dots, n =
14,935) between experimental replicates. (C) Representative examples show the consistency of single-
cell miRNA-pr expression during embryogenesis between two experimental replicates. Source data are
provided as a Source Data file.
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Supplementary Fig. 3. Comparison of miRNA expression between embryos and L1 larvae.

Sankey diagrams show the differences in expression status (green indicates expression and gray
indicates non-expression) of each miRNA-pr in equivalent cells of the embryonic and L1 stages. Numbers
indicate the fraction of traced terminal cells with miRNA expression for which the equivalent L1 cell also
expressed the miRNA. Due to the cumulative nature of the long-lived mNG::H2B fluorescence signal,
only cells in the terminal generation of all traced cells (leaf cells) where the promoter is defined as active
were included in the comparison. Also, the analysis did not include miRNA reporters with less than 10

expressing cells. Source data are provided as a Source Data file.
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Supplementary Fig. 4. Endogenous fluorescent reporters exhibiting weak or sporadical
expression.

(A) Maximum projection images showing cellular mNG::H2B intensity of promoter-driven and Kl reporters
for three miRNAs. The numbers shown on the right represent the laser power (expressed as a percentage
of the maximum). (B) Comments on the comparison and supporting evidence for the reliability of the
mMiRNA-pr expression pattern. (C) Comparison of cellular expression levels of three miRNA-prs with
endogenous fluorescent reporters at the L1 stage. Cells are organized according to lineage, and the
Pearson correlation coefficients are indicated on the right.
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Supplementary Fig. 5. Temporal dynamics of miRNA.

(A) Left: Heatmap depicting the distribution of transcriptional activity of miRNA-prs (columns) across
developmental stages (rows). For each miRNA-pr, cell tracks with increased fluorescence intensity were
defined as exhibiting transcriptional activity. All cells were classified into four developmental stages: Stage
1, including all cells at the ~100-cell stage and earlier; Stage 2, including all cells from the ~200- to ~350-
cell stage; Stage 3, including all cells at the ~600-cell stage; and Stage 4, including all cells at the L1
stage. For each stage, the fraction of cell tracks with transcriptional activity for a miRNA-pr was calculated
and represented as a color in the heatmap. Right: A pie chart summarizes the distribution of
transcriptional activity of miRNA-prs across developmental stages. (B) Left: Distribution of the onset of
transcriptional activity of miRNA-prs across developmental stages. Figure organization is identical to (A),
except only the earliest cell (onset cell) on a cell track exhibiting transcriptional activity of a miRNA-pr
was used for the analysis. Right: A pie chart summarizes the distribution of the onset of transcriptional
activity of miRNA-prs across developmental stages. (C) Left: Transcriptional activity of representative
mMiRNA-prs across cell tracks (columns) at different developmental stages (rows). Right: tree visualization
of cellular expression of corresponding miRNA-prs. Source data are provided as a Source Data file.
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Supplementary Fig. 6. Clustering of cells based on miRNA expression.

(A) Heatmap illustrating the expression of each miRNA-pr (column) during the development of each
terminal cell. The maximum value of the miRNA-pr's relative expression (percentile rank) in the cell track
leading to each terminal cell and in the equivalent cell at the L1 stage was used. The dendrogram on the
left shows cells (rows) clustered by miRNA-pr expression, and the bars on the right highlight cell clusters
with 10 or more cells. (B) An example demonstrates the identification of cell clusters (boxes) using the
Pvclust approach based on the AU (approximately unbiased) score (=90 as the cutoff).
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Supplementary Fig. 7. Association of miRNA expression with progenitor cell fate.

(A) Transformation of the developmental fate (indicated by color) of the ABalp cell to that of ABarp by
performing RNAI against lag-1. (B) Expression of miR-1-pr (left) and miR-79-pr (right) in cells from ABalp
and ABarp lineages before (top) and after (bottom) performing RNAI against lag-1. Bar graphs compare
the expression consistency (binary expression) of corresponding miRNA-prs in lineage-equivalent leaf
cells between ABalp and ABarp lineages, before and after performing RNAI against lag-1. In cases where
two progenitor cells produce different numbers of leaf cells, the smaller lineage is expanded to match the
larger one, and cells and expression status are expanded in the corresponding lineage branches.
Statistics: Fisher's exact test, two-tailed. (C) Transformation of the developmental fate (indicated by color)
of the MS progenitor cell to that of E by performing RNAI against pop-1. (D) Expression of miR-2-pr (left)
and miR-75-pr (right) reporters in cells from MS and E lineages before (top) and after (bottom) performing
RNAI against pop-1. Bar graphs compare the expression consistency of corresponding miRNA-prs in
lineage-equivalent leaf cells between ABalp and ABarp lineages before and after performing RNAI
against pop-1. Statistics: Fisher's exact test, two-tailed. Source data are provided as a Source Data file.
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Supplementary Fig. 8. Detection status of tissue-enriched miRNA expression identified in this

study.

Heatmap showing the detection status of all tissue-enriched miRNA-pr expression identified in this study
in previous studies. (A) illustrates the comparison of this study to a previous tissue-level miRNA-seq
study at the L1 stage *. If a tissue-enrichment pattern identified at the L1 stage in this study was also
documented in the previous study, it was classified as detected. (B) depicts the comparison of this study
to several previous studies using other approaches 1°, Tissue enrichments observed in both embryos
and at the L1 stage in this study were used for comparison. For each tissue-enrichment pattern, if the
previous study explicitly described a miRNA as expressed (weak expression was not included) in this
tissue, this pattern was classified as detected. In cases where the previous study described the
expression in specific cells, we manually checked whether the described cell list overlapped with our
cellular expression and classified the pattern as detected if a considerable overlap was observed.
Otherwise, the pattern was classified as undetected.
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Supplementary Fig. 9. Expression specificity of miRNA.

L1 stage

Expression levels of miRNA-prs (rows) with highly restricted expression (expressed in <20 cell tracks in
the embryos or in <20 cells at the L1 stage) in individual cell tracks (columns) during embryogenesis (top)
or in individual cells (columns) at the L1 stage (bottom). Cells and tracks are ordered by lineage.
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Supplementary Fig. 10. Divergent expression of miRNAs among family members.

(A) Comparison of the expression of individual miRNA-prs of a family in each cell track during
embryogenesis or in each cell at the L1 stage. Cell tracks or terminal cells are ordered by cell lineage.
(B-C) Cumulative distribution of the expression similarity among intra-family miRNA-prs relative to that
among inter-family miRNA-prs in embryos (B) and at the L1 stage (C). For each miRNA family member,
we first calculated the divergence of cellular miRNA-pr expression among all miRNA members in the
same family as 1 minus Spearman's rank correlation coefficient (1-p). Then, we measured the expression
divergence of this miRNA-pr to all other miRNA-prs not in the same family. Finally, the percentile rank of
the averaged intra-family miRNA-pr expression divergence relative to inter-family miRNA-pr expression
divergence was calculated to measure the relative expression divergence of miRNA-prs in a family. A
lower percentile rank indicates a higher expression similarity. (D) Cumulative distribution of the
expression similarity among intra-family miRNAs relative to that among inter-family miRNAs using tissue-
level mMiRNA-seq data at the L1 stage. The expression divergence between miRNAs was measured as
the Root Mean Square Deviation of expression levels (converted to internal ranks across datasets)
among six datasets for four tissues. Source data are provided as a Source Data file.
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Supplementary Fig. 11. Functional analysis of miR-1.

(A) Expression of miR-1-pr in pharyngeal cells in bean-stage embryos and L1 larvae. (B) PHA-4 binding
at the mir-1 promoter. Red boxes indicate the peak regions. (C) Significantly enriched Gene Ontology
terms, with red underscores highlighting those related to the pharynx. Gene Ontology analysis was
performed by ShinyGO using default parameters 1. (D) Quantitative RT-PCR comparing the expression
of five gland-related genes and negative control (elt-2) relative to ubc-2 between wild-type and mir-
1(n4101) embryos. Each bar represents the mean value. (E) Comparison of the 3D position of pharyngeal
cells between wild-type and mir-1(n4101) embryos at the 350-cell stage. Top: 3D rendering of pharyngeal
cell positions (approximated by nucleus position). Cells are color-coded according to lineage origin.
Bottom: Heatmap showing the averaged pair-wise geometric distances (normalized to the embryo length)
between cells. (F) Comparison of the differences in the distance matrix (quantified as root-mean-square
deviation, RMSD) of each wild-type or mir-1(n4101) embryo to that of the averaged wild-type embryos.



Statistics: t-test, two-tailed, unpaired. (G) Comparison of pharynx morphology between wild-type and mir-
1(n4101) at the L1 stage using nucleus-localized (top) or ubiquitous-localized (bottom) GFP driven by the
myo-2 promoter. (H) Top: Quantification of the diameters of the metacorpus (Dm) and terminal bulb (Dy)
at the L1 stage. Bottom: Micrographs comparing pharynx morphology (visualized using single-copy myo-
2 promoter-driven GFP) between single and double mutants of mir-1 and tbx-2. The numbers show the
median ratio of Dy, to D:. (I) Comparison of Di/D: values between genotypes. Data are shown as boxplots
with whiskers drawn down to the minimum and up to the maximum value. Each dot represents the result
of an animal. Data are represented as mean * SD. Statistics: Mann-Whitney U test, two-tailed. (J)
Distribution of cases exhibiting a severe defect in pharynx morphology (defined as Dn/D: <0.85) in single
and double mutants of mir-1 and tbx-2. P-values were calculated by comparing the observed frequency
to that predicted based on additive effects of single mutants using a two-tailed Chi-square test. Source
data are provided as a Source Data file.



A

SO
N N \Ql ® o2 % o",\\e
o Low High N 2 6\ & X
mir-232p::mNG::H2B - — \\’b QOb 'D\s’ S q.@c‘@\-"cﬁe’ S
Expression level - Cell type
" Zygote
B: P
ABala ABal ABalp ABara ABAr ABap  ABpla Bpl ABplp. ABpra ABpr ABprp [r—— E c PZD Py
Pa
Il — I
|
[RLRTARTTLTTTTICCUTTT e FITRRRYL TR ITY R 1w l-..-lllllllllllllll l|-|||l| |||[|||Il.||l.lllll-l-llllll mmn N I [ [
mCherry::H2B F unc-30(ju54); unc-25p::GFP

*

mir-232(dev280); unc-30(ju54); unc-25p::GFP

o LS G ‘o
L, ,“":i ‘,:’4‘ T VieRs c P=05422
% o & ®a T€ 1Y « ) i
5
c > 08 : .
F13H10.5 exon 6 mir-232 2 -
] I > } B 4 &
I 1 k] 8
dev280: 7485 bp, & :
Chr. IV: 10,994,003 ~ 10,994,487 (WS284) 04 i .
! ] - 1 oM P
mir-232p::mir-232 devEx134: 3663 bp o Nl
Chr. IV: 10,993,770 ~ 10,997,432 (WS284) & & ool
W ““'1,'31\
D mir-232(dev280); W
mir-232(dev280) mir-232p::mir-232 E H
(devEx134)
P=987x10% ABplpapp ABplpapp
<
o
s
z z
& 8
-
HH o
& &
S
{ t
g canal cell canal cell
%
6.\\‘,'1«
I :
3'UTR reporter
Site 1 Site 2
miR-232 AGUGGCGUCAAUUCUACGUAAAU AGUGGCGUCAAUUCUACGUAAAU
Wild-type nhr-25 3’UTR 5’ — AUCUAUUGAAUAUCUUGCAUUUUU — AUCUAUUGAAUAUCUUGCAUUUUU — 3’
Mutated nhr-25 3’UTR 5’ —AUCUAUUGAAUAUCU-------- U — AUCUAUUGAAUAUCU----—--—— uU—3’
J ;
Endogenous nhr-25 3' UTR
Site 1 Site 2
miR-232 AGUGGCGUCAAUUCUACGUAAAU AGUGGCGUCAAUUCUACGUAAAU

Wild-type nhr-25 3'UTR 5’ — AUCUAUUGAAUAUCUUGCAUUUUU — AUCUAUUGAAUAUCUUGCAUUUUU — 3’
Edited nhr-25 3’UTR 5’ —AUCUAUUGAAUAUCU-CCAUGG-U — AUCUAUUGAAUAUCU-CCAUGG-U — 3’



Supplementary Fig. 12. Functional analysis of miR-232.

(A) Expression of miR-232-pr during embryogenesis. (B) Cellular expression of the miR-232 reporter at
the L1 stage. (C) Schematic representation of the mir-232(dev280) deletion allele and the fragment used
in the rescue experiment. (D) Comparison of excretory canal length in mir-232(dev280) animals before
and after injecting a fragment containing the entire wild-type mir-232 locus. Only animals with co-injection
markers were used for calculation. (E) Quantification of excretory canal length in mir-232(dev280)
animals before (n = 17 animals) and after (n = 37 animals) injecting the rescuing fragment. Each dot
shows the length observed in an L4-stage animal. Statistics: Mann-Whitney U test, two-tailed. (F)
Representative micrographs showing the morphology of the RMEV neuron (star, visualized using unc-
25p::GFP) before and after miR-232 loss. (G) Comparison of the length of the RMEV neuron before (n =
15 animals) and after (n = 20 animals) miR-232 loss. We quantified two lengths at the L4 stage: the
distance from the RMEV cell body to the vulva (Loody-wuiva) and the extent of the RMEV ventral axon
extension (Lventral-extension). Subsequently, the ratio of Lventra-extension 10 Lbody-vuva Was measured to determine
the relative length of the RMEV ventral axon. Each dot shows the length observed in one animal.
Statistics: Mann-Whitney U test, two-tailed. (H) Micrographs show cellular expression of CEH-6 and
PROS-1 in bean-stage embryos, with arrows indicating the excretory canal cell. Cell lineage diagrams
on the right show the expression (green) of the proteins in related cell lineages that give rise to the
excretory canal cell. (I) Top: Location of miR-232 sites in the nhr-25 3'UTR. Vertical lines indicate
complementarity of the miR-232 seed sequence to the binding site. Bottom: Sequence of the mutated
nhr-25 3'UTR used in the 3'UTR reporter assay, in which the two miR-232 binding sites were removed.
(J) Modified sequence of the endogenous nhr-25 3'UTR, in which two miR-232 binding sites were
mutated by CRISPR/Cas-9-mediated genome editing. Source data are provided as a Source Data file.



Frequency of TF targeting

__P=52x107

P=0.011

4 P=20x10"

=m

All genes
n=20254 n= 609

o

et
N

0.0

CND-1 binding / mixed embryos

r

miRNA
n=113

B P=1.34x10%
o 1.00 ~1 A Neuron
= A Pharynx
£ 4754 s 44| A skin
g 0 / "
S s A Muscle
Q= 4 A Intestine
5 5 0.50 - L
>
g% -
3 o025+ R
£ (A0 1
0.00 -|*4
T

T
0.00 0.25 0.50

T

T
0.75 1.00

Frequency of binding by TF with expression
enrichment in the same tissue

ELT-1 binding / mixed embryos

C P=120x105
1.00
B4 .7
23 ‘
S £ 075 " P
36 L7 aA
-
o< B /
S % o050 P
o 4 A
& E TS A
25 025 el N
0 c ,{ A Agd
wo A $a
0.00 4~
1]

T T
0.00 0.25 0.50

T
0.75

1

.00

A Neuron
Pharynx

A Skin

A Muscle

A Intestine

Frequency of binding at miRNA promoters exhibiting
expression enrichment in the same tissue

HLH-1 binding / mixed embryos

Cicumal o~ Qinnal . Sianal —,
Peak region
_— -_— [ Peak region - region - -
> > > > > > > > > > > > | u B> mir-79 <2 W mir1 | ]
<l ' mir-54-56
Chr X : 13,144 kb - 13,148 kb Chr1:9,330 kb — 9,334 kb Chr1:6,172 kb - 6,177 kb

ELT-2 binding / late embryos

ELT-1 binding / mixed embryos

HLH-1 binding / mixed embryos

Signal Signal :i:a’:‘a_l_/—\_//\
Peak

region NN _— Peak region - region - - .

—— mir-75 B> mir-2 <2 o —————

pha-4 (zu225)

pal-1(RNAJ)

Chr X : 2,370 kb - 2,374 kb

mir-73-74p::mNG::H2B

P=126x10% -

0 50 100 150
wild type
mir-2p::mNG::H2B
15 7
P=198x10%
10
5 v
// oy >
01,0 oewmeirag oo
0 5 10
wild type

15

elt-1(0k1002)

pal-1(RNAi)

g- mir-231

mir-79p::mNG::H2B

Chrlll:

7,544 kb - 7,548 kb

mir-231p::mNG::H2B

P S S S S

Chrl:

mir-43-44p::mNG::H2B

1

1

[

9,372 kb - 9,376 kb

mir-54-56p::mNG::H2B

cnd-1 > miR-43-44-pr (neuron, seam, and P cell)

2 m— 10
wild type

% 7 7 20 7
P=6.27 x 1070 1001 P=1.01x 10 P=1.91x10% -’ P =28.06 x 10% -
’ - 80 //' / 15 ’
2 e S g2 ’ 2 e
S 60 e S 9
g T X o e S 10
g S L p® s Ny
10 T R o-i ®
= Py = L S -
S 20 / © 5
0 0 °e 0 s -?Aro ry 0 e 8%
30 100 0 10 20 30 0 10 20
wild type wild type wild type wild type
mir-54-56p::mNG::H2B 5 mir-1p::mNG::H2B 2 mir-75p::mNG::H2B
olp=t1s2xi0e 7 P=4.10x10% 4 P=120x10%
/ 4 15
° /’I = a /’
. < 3 © 7
S sybee T 2 £
ad ] R
Voo o8 Q 1 o ° 5 5
P NI
@ 0 /J 879,82, 0
2 4 6 0 2 4 20
wild type wild type wild type
mir-73-74p::mNG::H2B mir-79p::mNG::H2B mir-231p::mNG::H2B
. o 7 © 50 2 5100 7
mir-43-44p::mNG::H2B 2 P=361x 104 2 P=9.04x107° S8 P=1.89x104
o ’ o 4 o s
£ £ 40 £ 80
o S S
8 530 §
g g g
- 2 %
3 3 3
=% a 10 a 20 7
3 N N
= B 0] sinmesete o oo E 0 sesemume =
o [} a m 2
0 100 200 300 0 20 40 0 50 100

mir-43-44p::mNG::H2B

N
o

e
o

cnd-1(ju29)

P=414x10"

wild type

30

ELT-1 peak region removed

wild type promoter

mir-43-44p::mNG::H2B

wild type promoter

mir-54-56p::mNG::H2B

wild type promoter

mir-54-56p::mNG::H2B

9 °
20 = Q 5 © 15 g
P=0.629 S é 15 P=874x103% ’ 3 P=137 x 1042 ’
. £ . § P
5 5 °
10 =3 'g’
~ < 5
5 g g
0 S %‘ 0{ @b @ccm o o0 o
o [$)

20
wild type promoter

wild type promoter

0 5 10

wild type promoter

15



Supplementary Fig. 13. Influence of fate determinants and their binding on miRNA expression.

(A) Comparison of the binding frequency of TFs at the promoter regions of different gene types. Statistics:
Mann-Whitney U test, two-tailed. (B) Scatter plot comparing the frequency of each pan-tissue specific
mMiRNA promoter bound by TFs exhibiting the same tissue expression specificity (X-axis) to that bound
by other TFs (Y-axis). Each triangle (n = 31) represents a pan-tissue-specific miRNA (determined by
corresponding miRNA-pr) colored by tissue type. The dashed diagonal indicates equality of X and Y.
Statistical analysis: Wilcoxon signed-rank test, two-tailed. (C) Scatter plot comparing the binding
frequency of each pan-tissue-specific TF at the promoter of miRNA whose reporter exhibits the same
type of pan-tissue specificity (X-axis) to that at other miRNA promoters (Y-axis). Each triangle represents
a pan-tissue-specific TF (n = 50), colored by tissue. The dashed diagonal indicates equality of X and Y.
Statistical analysis: Wilcoxon signed-rank test, two-tailed. (D) Representative examples show the binding
of fate determinants at the promoters of tissue-specific miRNAs. Red boxes indicate peak regions. (E)
Influence of fate determinants on miRNA-pr expression. Each panel compares the expression of a
mMiRNA-pr in equivalent cells (dots) of embryos from wild-type animals (X-axis, n = 2 embryos) and those
in which the indicated fate determinants were perturbed (Y-axis, n = 2 embryos). The dashed line
indicates equality of X and Y. Only wild-type/mutant embryo pairs with identical orientation were
compared; different colors indicate different pairs. Only cell tracks co-expressing the indicated miRNA-pr
and fate determinants were included. Statistics: Wilcoxon rank sum test, two-tailed.. (F) Top: Changes in
miR-43-44-pr expression during embryogenesis in cnd-1(ju29) embryos. The micrographs are maximum
projection images comparing miR-43-44 reporter expression at the 350-cell stage.. Bottom: Comparison
of miR-43-44 reporter expression in the wild-type (X-axis) and cnd-1(ju29) embryos (Y-axis) in equivalent
cells (dots). Scatter plot organization and statistics are identical to (E). (G) Influence of the binding of fate
determinants on miRNA-pr expression. Figure organization and statistics are identical to (E).
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Supplementary Fig. 14. Expression status of miRNAs and their targets

(A) Frequencies with which miRNA-prs are expressed in cell tracks also expressing corresponding target
genes. Only miRNA-prs expressed in 210 cell tracks were included. The value of each miRNA target was
calculated, and the results were averaged across all targets (n = 209, 549, 473, 303, 828, 141, 685, 325,
429, 384, 384, 176, 149, 1138, 252, 252, 294, 401, 1,138, 354, 209, 137, 241, 241, 241, 241, 42, 1,138,
325, 247, 247, 467, 467, 356, 209, 241, 209, 618, 618, 137, 209, and 321 genes, from left to right). The
data is summarized as an open circle indicating the mean and a vertical bar indicating the 95% confidence
interval. (B) Scatter plot comparing the number of target genes exhibiting lower expression in miRNA-pr-
expressing cell tracks than in non-expressing cell tracks (X-axis) to the number of target genes exhibiting
the opposite pattern (Y-axis). Each dot represents the result of a miRNA. To ensure reliable comparison,
only miRNA-prs expressed in between 10 and 500 cell tracks were analyzed. The dashed diagonal
indicates equality of X and Y. Statistics: Wilcoxon signed-rank test, two-tailed. Source data are provided
as a Source Data file.
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Supplementary Fig. 15. Preferential targeting of miRNAs against TSGs

(A) Preferential targeting of three representative miRNAs against TSGs associated with different tissue
types (rows) in each cell track (columns, ordered by cell type). Gray indicates that miRNA is not expressed
in the cell track. (B) Boxplots compare preferential targeting of representative miRNAs against different



types of TSG (n =454, 188, 547, 898, 695, 229, 1,070, 3,374, and 132 genes from left to right) in indicated
tissues (corresponding to the cells marked by color bars below the heatmap).(C) Heatmap showing the
presence of binding sites for tissue-specific miRNAs that are also expressed in corresponding cell tracks

(columns) in the 3'UTRs of five known neuronal fate regulators (rows). Source data are provided as a
Source Data file.
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Supplementary Fig. 16. Analysis of leaky transcription.

(A) Expression levels of neuron-TSGs (rows) in individual cell tracks (columns, ordered by cell type).
Expression levels of each gene across cell tracks were normalized to percentile rank values for cross-
gene comparisons. Below is an enlarged view of the results for five known neuron fate regulators. If a
gene is identified as exhibiting specificity in multiple tissues, the expression in non-neuronal cells is
removed (dark gray). (B, C) Leaky transcription of different types of TSGs identified under different levels
of stringency (measured as magnitudes of fold enrichment, 2, 2.5, 3, 3.5, and 4 from left to right). TSGs
were identified as having significantly (Q < 0.01) great fold change of quantitative expression in cell tracks
differentiating into the focus tissue relative to those differentiating into other tissues. Leaky transcription
levels for individual genes (B) and cell tracks (C) are provided. (D) Comparison of protein expression
absence in cells from the focus tissue (X-axis) versus that in cells from other tissue (Y-axis) for each TSG
(n = 206). The dashed diagonal indicates equality of X and Y. Protein expression data are from Ma et al.
12 (E) Comparison of protein expression absence in cells from the focus tissue (X-axis) versus that in
cells from other tissue (Y-axis) for different types of TSGs. Source data are provided as a Source Data
file.
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Supplementary Fig. 17. Changes in protein expression following miRNA perturbation.

(A) Schematic representation of depleting miRNA biogenesis by disrupting Drosha and Pasha. (B)
Scatter plots compare cellular protein expression levels of four neuron-specific transcription factors
before (X-axis) and after perturbing miRNA biogenesis. Each dot is a cell (n = 303, 84, 45, and 50 cells
from left to right). The dashed diagonal indicates equality of X and Y. Statistics: Wilcoxon signed rank
test, two-tailed. (C) Comparison of protein expression levels of ELG-44 (left), EGL-46 (middle), and TTX-
1(right) between wild-type and mir-1(n4101) embryos in cells identified as having expression increase.
The data are summarized as boxplots with boxes indicating the inter-quartile range (IQR), whiskers
showing the range of values within 1.5*IQR, and horizontal lines indicating medians. Statistics: paired t-
test, two-tailed. (D) Elevated expression of EGL-44::mNG, mNG:EGL-46, and TTX-1::mNG in mir-
1(n4101) embryos. In each figure, the tree shows the expression status of corresponding proteins as



determined using endogenous protein fusion reporters; purple dots denote cells for which protein
expression was significantly increased in mir-1(n4101) embryos. For each TF, we only considered the
non-neuronal cell tracks that (1) expressed both miR-1 and the TF and (2) miR-1-pr expression was not
later than that of the TF. In addition, to ensure the identification of robust expression increases, we only
considered the cells in which the averaged expression level in mutant embryos was moderate (>5). (E)
Presence of miR-1 binding sites in the 3'UTRs of elg-44, egl-46, and ttx-1. Vertical lines indicate
complementarity of the miR-1 seed sequence to the binding site. (F) Comparison of fluorescence intensity
of corresponding 3'UTR reporters before and after removing the miR-1 binding site. Only cells exhibiting
an increase in corresponding protein expression in mir-1(n4101) were included for analysis. Micrographs
on the right show changes in fluorescence signals in representative cells. The data are summarized as
boxplots with boxes indicating the inter-quartile range (IQR), whiskers showing the range of values within
1.5*IQR, and solid and dashed horizontal lines indicating medians and means, respectively. Statistics:
paired t-test, two-tailed. Source data are provided as a Source Data file.
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