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Figure S1. Phylogenetic tree of DZF-containing proteins among species, related to Figure 1

The domain structures of the DZF family proteins, ILF3, STRBP, ZFR2, ZFR, and ILF2 are shown. DZF, double zinc-finger
domain; dsRBM, dsRNA-binding motif; RGG/RG, Arg-Gly-Gly/Arg-Gly-rich motif; PrLD, Prion-like domain; ZF,
C2H2-type zinc-finger domain. The scale bar indicates the number of amino acid substitutions per site. Note that medaka,
zebrafish, and gecko ZFR2 have medium length PrLDs, whereas mammalian ZFR2, including humans and mice, lack PrLDs.
There are four family proteins in sea squirts, one of which is classified as ILF2. The other three have non-ZF-type
dsRNA-binding domains similar to ILF3 and STRBP, but their DZF domains are at the C-terminus like ZFR and ZFR2,
therefore they are not classified in ZFR, ZFR2, STRBP, or ILF3.
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Figure S2. NFARs-containing nuclear granules tend to be reduced in number by PrLLD deletion, but not by WIRS,
related to Figure 2

(A) Representative images of DAPI and anti-ILF3 (NFARs) antibody staining in the amygdala (AMY) of 7If3** and
TIf3APDAPLD mice, and schematic diagram showing different distributions of NFARs in the nucleus between 7/f3** and

Il APrLD/APrLD mice.

(B and C) Number (B) and size (C) of nuclear NFARs-containing granules in the AMY.

(D-F) Representative images of NFARs immunostaining in the dorsal hippocampus (dHIP) (D), ventral HIP (vHIP) (E), and
AMY (F) of 7lf3*"* and [lf3*PLD/APLD mjce with and without WIRS. In the magnified images, the white dotted lines outline the
nuclei. Scale bars, 10 um.

(G-L) Number and size of nuclear NFARs-containing granules in the dHIP (G and H), vHIP (I and J), and AMY (K and L)
with and without WIRS.

The data are presented as mean + SEM. n = 18 cells from 3 mice in each group. In B and C, the p-values in the Student’s
t-test are indicated. In G-L, the data were analyzed by two-way ANOVA. The F-values and p-values for the main effects of
genotype (F, and p,, respectively) and condition (with or without WIRS) (F. and p., respectively), and the interaction effect
between genotype and condition (F,.. and p,.., respectively) are indicated.
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Figure S3. PrLD-bearing proteins TDP-43 and hnRNP A1 do not show WIRS-induced translocation in the AMY,
related to Figure 2

(A and B) Representative heatmap images of TDP-43 (A) and hnRNP A1 (B) immunostained in the AMY of 7/f3*"" mice with
and without WIRS. In the right magnified images, the white and red dotted lines outline the cells and nuclei, respectively.
Scale bars, 10 um.

(C and D) Nuclear-cytoplasmic ratio of TDP-43 (C) and hnRNP A1 (D) staining intensity in the AMY. The data are presented
as mean + SEM. n = 21 pictures from three mice in each group. Student's t-test p-values are indicated.
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Figure S4. mRNAs and GO terms that were differentially regulated by WIRS and PrLD deletion in the AMY, related
to Figure 3

(A-F) GO enrichment analysis of mRNAs of which expression (A-C) and translation (D-F) up- or down-regulated (q < 0.05).
Shown are the overrepresented GO terms of mRNAs altered by WIRS in 7/f3"* mice (A and D), PrLD deletion under control
conditions (B and E), and the combinational effects of PrL.D deletion and WIRS (C and F). Blue letters indicate GO terms that
commonly appear in A and C, and red letters, in A-C and F.

(G-I) Box plots showing the changes in mRNA expression (G), translation (H), and translation efficiency (I) of WIRS-responsive
genes in RNA-seq (defined as genes up-regulated in mRNA abundance by WIRS in //f3*"* mice, Figure 3B, red dots).

(J and K) Box plots showing the changes in translation efficiency of the Mz (J) and Hb (K) genes.

In G-K, ****p < 0.0001, **p < 0.01, *p < 0.05, Welch’s t-test with Bonferroni correction. N.S., no significant difference (p >
0.05). Due to the high number of transcripts (620) in G-I, the effect size (Hedges’ g) is also shown. ###, |g| > 0.8; ##, 0.5 <|g| <
0.8;#,0.2<|g/<0.5; -, |g) <0.2.

(L-Q) Quantitative RT-PCR of representative genes. Equal amounts of mRNA extracted from the AMY in each group of mice
were subjected to the analysis. The levels of mRNA expression are shown in folds compared with those in 7/f3** mice under
control conditions. 7ubb5 and Sgkl mRNAs are WIRS-unaffected and WIRS-induced controls, respectively (P and Q). Hba-al
(L), mt-Atp8 (M), and mz-Nd3 (N) mRNA levels were increased by PrLD deletion and/or WIRS, whereas m#-Nd6 (O) mRNA
levels were decreased, which confirmed the results in RNA-seq. Data are presented as mean = SEM. n = 3. The data were
analyzed by two-way ANOVA. The F-values and p-values for the main effects of genotype (F, and p,, respectively) and condi-
tion (with or without stress) (F. and p,, respectively), and the interaction effect between genotype and condition (F,.. and p,..,
respectively) are indicated. The p-values for the Tukey-Kramer test after the two-way ANOVA are shown in blue (/If3"*) and red
(1If3APrLD/APILDY

(R) A model diagram summarizing the correlation of changes in mRNA expression and translation in the AMY caused by WIRS
and PrLD deletion. Numbers indicate Pearson correlation coefficients between the genotypes shown in Figures 3K, 3M, 3Q, and
3S.
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Figure S5. IIf3°Pr-P/APrLD mjce exhibit normal physical and sensory abilities, related to Figure 4

(A and B) Grip strength (A) and latency to fall in the wire hang test (B) for assessment of neuromuscular strength.

(C) Latency to withdraw the paw from the hot plate (paw shaking or licking) to assess the reaction to pain.

(D) Latency to fall from the rod in the rotarod test to evaluate motor coordination.

Data are presented as mean + SEM. The numbers in the bars indicate the number of mice tested. The p-values for one-way
ANOVA (A-C) and the main effect of genotype in two-way repeated measures ANOVA (D) are indicated.
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Figure S6. Results of emotion-related behavioral tests, related to Figure 4

(A-D) Elevated plus maze test for the evaluation of anxiety-related behaviors. The number of arm entries (A), percentage of
entries to open arms (B), total distance traveled (C), and percentage of time spent on open arms (D). 7If32PLD/APLD mjce
showed hyperactivity (A and C) and tended to reduce anxiety-like behavior (D).

(E and F) Porsolt forced swim test to assess depression-related behaviors. Percentage of immobility time on days 1 and 2 (E),
and distance traveled on days 1 and 2 (F).

(G) Percentage of immobility time in the tail suspension test. J[f3*P-PAPLD mice showed more depression-related immobility
than //f3"" mice during the last 5 min.

(H and I) Startle response/prepulse inhibition test. Startle response to 110 dB and 120 dB startle stimuli (H) and inhibition of
the startle response by 74 dB and 78 dB prepulse sounds (I). 7If3*PLPAPLD mijce showed a marked reduction in startle response
(H).

Data are presented as mean = SEM. The numbers in the bars indicate the number of mice tested. The p-values for one-way
ANOVA (A-D, H, and I) and the main effect of genotype in two-way repeated measures ANOVA (E-G) are indicated.



Social interaction test in a novel environment
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Figure S7. IIf3°P-P/APrLD mjce show normal sociality but hyperactivity in social behavior tests, related to Figure 4

(A-D) Social interaction test in a novel environment. Pairs of mice of the same genotype were tested. The total duration of
contact (A), number of contacts (B), mean duration per contact (C), and total distance traveled (D).

(E-X) Three-chambered social approach test at 100 lux (E-N) and 5 lux (O-X). The results of the sociability test (E-I and
0-S) and the social novelty preference test (J-N and T-X) are shown. Total distance traveled (E, J, O, and T); average
locomotor speed (F, K, P, and U); time spent around the indicated cages by 7I/3"* mice (G, L, Q, and V) and J[f3APLD/APLD
mice (H, M, R, and W); social preference index (I and S) and social novelty index (N and X). The social preference index
and the social novelty index were calculated as the ratio of the time spent around the stranger’s cage to the time spent around
both cages.

(Y and Z) Social interaction test in a home cage. White and black bars indicate lights on and off, respectively. The data are
represented as the average of three days (day 3 to day 5) from the 7-day experiment. Locomotor activity level (Y), and mean
number of particles for determining social interaction between two mice (Z). When the mice are apart from each other, the
particle number is two, and the particle number is one when they are close to each other.

Data are presented as mean + SEM. The numbers in the bars indicate the number of pairs (A-D) and mice (E-X) tested.
P-values for one-way ANOVA (A-X) and the main effect of genotype in two-way repeated measures ANOVA (Y and Z) are
indicated.
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Figure S8. Results of learning and memory tests, related to Figure 4

(A-C) T-maze spontaneous alternation task. Percentage of correct responses (A), latency to finish each trial (B), and total
distance traveled (C). Ilf34PLPAPLD mjce showed equivalent working memory (A) but performed faster than 7/f3** mice (B and
O).

(D-F) The 1-month memory retention and reversal learning in the Barnes maze test. (D) Time spent around each hole in the
2nd probe test conducted one month after the 1st probe test (see Figures 4L-4N). (E) The latency to the first visit to the
correct hole in 6 additional trials after the 2nd probe test (trials 13-18) and subsequent reversal training (trials 19-24). (F)
Time spent around each hole 24 h after the last reversal training. [[f3*P"PAPLD mjce showed normal memory retention for one
month (D) although subsequent task performance was low (trials 13-18 in E). Their spatial reversal learning and memory
were also normal (trials 19-24 in E, and F).

(G and H) The 1-month retention of contextual and cued fear conditioning memory. One month after the fear conditioning
(see Figures 40-4R), mice were tested for contextual memory (G) and cued memory (H). The results were similar to those
one day after the conditioning (see Figures 4P-4R).

Data are presented as mean = SEM. The p-values for the main effect of genotype in two-way repeated measures ANOVA

(A-C, E, G, and H) and one-way ANOVA (D, F, and trial 19 in E) are indicated.
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Figure S9. Delayed early development of axons in Z[f3*P™L.D/APrLD cyltured neurons, related to Figure 5

(A-C) Representative images of staining with DAPI, anti-MAP2, and anti-Tau antibodies in cultured neurons from the AMY of
1lf3"" and Ilf34PLDAPLD ittermates at 3, 5, and 7 days in vitro (DIV). The right panels show merged images with concentric
circles with 30 um spacing used for Sholl analysis. Scale bars, 100 um.

(D-I) Sholl analysis of dendrites (MAP2) (D-F) and axons (Tau) (G-I) in cultured neurons at DIV3 (D and G), DIVS5 (E and H),
and DIV7 (F and I). n = 21 cells from three littermates in each group. The data were analyzed using two-way repeated
measures ANOVA. The F- and p-values for the main effects of the genotype (F, and p,, respectively), radius (F, and p,, respec-
tively), and interactions between the genotype and radius (F,., and p,.,, respectively) are indicated. In G and H, **p <0.01, *p
< 0.05 in simple effect analysis after significant interaction in the two-way repeated measures ANOVA.
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Figure S10. Generation of 7lf3*"~ and Ilf3**"'*"~ mice, related to Figure 6

(A) IIf3 gene structure and representative DNA sequencing in exon 7 of the //f3 genome from /3" and 7/f3*" mice. Bold
letters in the sequence indicate different sequences between the 7/f3" allele and the 7If3~ allele in the 7/f3" mice. A 14 bp
deletion in the exon 7 sequence in the /lf3” allele causes a frameshift, generating a downstream premature stop codon in exon
9 (red letter TGA in the gene structure). A PCR reverse primer for detecting the //f3~ allele used in genotyping in (B) is
indicated.

(B) PCR genotyping of the indicated genotypes using the reverse primer.

(C) Nucleotide and amino acid sequences encoded by exons 7-9 of the /lf3" and /lf3~ alleles. The premature stop codon was
generated in exon 9 of the //f3~ allele.

(D-F) The expression levels of NFAR2, NAFAL1, and total NFARs mRNAs in the indicated regions of the brain in
J[f3APrLDIAPILD | [If3APLD “and J]f3* mice were normalized to GAPDH mRNA expression levels, and then compared with the
expression levels of those mRNAs in /If3"* mice. Relative expression levels of NFAR2 (D), NFAR1 (E), and total NFARs
(F) mRNAs are shown. n = 3.

(G) Western blotting of the indicated regions of the brain in 7[f3""*, J[f3APrLD/APLD | JIf3APLD “and [If3*~ mice for the 7If3 gene
products with a polyclonal antibody against the N-terminal region of ILF3 (amino acid 8-343 of human ILF3). The red line
indicates the region where proteins produced from the /If3™ allele were expected to appear, but no different bands were
detected among genotypes.

(H) Western blotting of the indicated regions of the brain in 7[f3""*, I[f3APrLD/APLD | JIf3APLD “and [If3*~ mice for the 7If3 gene
products with a monoclonal antibody against ILF3 and an a-tubulin antibody as a control.

(I and J) The expression levels of NFAR2 (I) and NFARI (J) proteins in the brain regions in [[f3AP-D/APILD | JIf3APILD= “and
1If3"" mice were normalized by the expression levels of a-tubulin and then compared with those in Z/f3"" mice. n = 3.
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Figure S11. Effects of WIRS on body weight and physical activity in passive avoidance tests, related to Figure 6

(A-C) Effect of WIRS on body weight of 7/f3"* and /I3 mutant mice. Mutant genotypes are [[f3AP-D/APLD (A []f3APLD (B) and
1137~ (C).

(D-L) Distance traveled in the passive avoidance test. Results of comparing 7[f3** and 7[f3*"PAPLD mice (D-F), 1If3*" and
113270~ mice (G-I), and 7If3** and 1If3*~ mice (J-L). Total distance traveled (D, G, and J), distance traveled in the light
chamber (E, H, and K), and distance traveled in the dark chamber (F, I, and L) before foot shock (Pre) and 5 min, 1 day, and 1
week after conditioning.

The data are presented as mean + SEM. The data were analyzed by three-way repeated measures ANOVA. The F-values and
p-values for the main effects of genotype (F, and p,, respectively), condition (with or without WIRS) (F. and p,, respectively),
and time (F, and p,, respectively), and the interaction effect between genotype and condition (F,.. and p,.., respectively) are
indicated. In D and F, ****p < 0.0001, **p < 0.01, *p < 0.05 in simple effect analysis after significant interaction in the
three-way repeated measures ANOVA.
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