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hPSD95 3’UTR Fragment (nt 644 ~761)
uuG AAAA GGGAGGGAUG GGUCUAGGGA G ; . ; JCAGGCAG
GGUGGG! ( LUGU CCGGGAGCCA GGGAAGACUG

GAAAUGCUGC CGCccCuucu
G-quadruplex

GGGAAAA GGGAGGGAUG GGUCUAGGGA GUGGGAAAUG CGGGAGGGAG
GGUGGGGGGC AGGGGUCGGG G(iUCGGG

GGGAAAA GGGAGGGAUG GGUCUAGGGA GUGGGAAAUG CACGAGUGAG
GGUGGUAGCC AGGAGUCGGG GGUCGGG

Fig. S1 (A) Commassie Blue Staining analysis of crude cell extracts and purified recombinant wild-type FMRP-GFP,
phospho-FMRP mutant (S499D), and unphospho-FMRP mutant (S499A). Protein molecular-weight marker sizes are shown
on the left. Purified protein is labeled with an arrow on the right. (B) Single-molecule images. The first one was from a clean
surface with streptavidin conjugation. The second one was from a streptavidin-conjugated surface treated with FMRP-GFP
expressed cell extracts. Few fluorescent debris molecules were visible. (C) Sequence of human PSD95 3’UTR fragment
(nucleotide 644-761) and mutagenesis of the putative G-quadruplexs. The miRNA recognition sites are colored in orange.
Red characters represent the introduced substitutions.
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Fig. S2 (A) Structure-based sequence alignment of the hsAGO2 MID domain (Top) with eukaryotic MID domains as well
as eubacterial homologues (Tt) involved in the miRNA pathway. The invariant positions are highlighted in red, and the
highly conserved positions are colored in red. Two invariant Lys residues (K533 and K570 in hsAGO2) shared by the two
sulphate-binding pockets are marked by green triangles. Conserved Tyr resides (Y529 in hsAGO2) involved in the
coordination of first pocket for miRNA binding is marked by pink triangle. The invariant threonine or serine (T544 of
hsAGO?2) involved in the coordination of second pocket is marked by red triangle. AGO, Argonaute; At, Arabidopsis thaliana;
Ce, Caenorhabditis elegans; Dm, Drosophila melanogaster; Hs, Homo sapiens; Mus, Mus musculus; Nc, Neurospora crassa;
QDE-2, quelling-defective2; Rat, Rattus norregicus; Sp, Schizosaccharomyces pombe; Tt, Thermus thermophilus. (B)
Co-immunoprecipitation of FMRP with AGO2. Non-transfected HEK29T cells (Blank) and the indicated transfected cells
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were subjected to immunoprecipitation (IP) with anti-GFP followed by immunoblotting with antibodies as shown.
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Table S1 oligonucleotides.
Synthetic RNA oligos:

Biotin-miR196a: 5’P-UAGGUAGUUUCAUGUUGUUGGG-3’ Biotin

Random RNA: UUCAAGUAAGUAAUCCAGAUAGCUGUAUGACCAGAGUACCG

miRNA and 3’UTR cloning

Has-miR-196a

F: GAGCTCGAG CCAGATGCAGGGGAATAGCTC
R: GAGGGTACC TTGGAATTGGCTGGACCCTC

Full-length 3’'UTR

of PSD95

F: GAGGCGATCGC CCTACATCTGGGTTCCAGCC
R: GCGACGCGT TCTGTCTCTTCCTTTCACTCTCTC

Full-length 3’'UTR

F: GAGGCGATCGC CGCTTCAGCTGGGACTGC

of HOXB8 R: GCGACGCGT TCGGGTTCTCGCTTGTAAAC
G-quadruplex F: GAGGGTACC TTGGGGAAAAGGGAGGGATG

in PSD95 R: GAGCTCGAG AGAAGGCGGCAGCATTTC

U-rich Fragment F: GAGGGTACC CAATTGTCTTTTTTTTCCTTTGAACG
in HOXB8 R: GAGCTCGAG GAGACAGAAAGAATTACGGCG

In vitro Transcription

G-quadruplex

F: CGCCAGGGTTTTCCCAGTCACGAC
R: TACCGTCGACCTCGAGAGAAGGCGGCAGCATTTC

U-rich Fragment

F: CGCCAGGGTTTTCCCAGTCACGAC
R: TACCGTCGACCTCGAGGAGACAGAAAGAATTAC

Mutagenesis

AU 1 F: AGCCTCCTTGTGCAATTGTCGTGTCGTGCCTTTGAACGTGCTTCTTTG
R: CAAAGAAGCACGTTCAAAGGCACGACACGACAATTGCACAAGGAGGCT
AU T F: TTTCCTTTGAACGTGCTTCGTAGTAATGACCAAGGTACCG
R: CGGTACCTTGGTCATTACTACGAAGCACGTTCAAAGGAAA
AU I F: GACCAAGGTACCGATAGCTGCTAAGCTCTCCCAACAACATG
R: CATGTTGTTGGGAGAGCTTAGCAGCTATCGGTACCTTGGTC
AU IV F: ACTGCCTATTCACGCCGTAATGCTAGCTGTCTCCCTTCTCTCTC
(Luc report) R: GAGAGAGAAGGGAGACAGCTAGCATTACGGCGTGAATAGGCAGT
AUV F: ACTGCCTATTCACGCCGTAATGCTAGCTGTCTCCTCGAGGTCGAC
(In vitro R: GTCGACCTCGAGGAGACAGCTAGCATTACGGCGTGAATAGGCAGT

transcription)

AG

F: GAGTGGGAAATGCACGAGTGAGGGTGGTAGCCAGGAGTCGGGGGTCGG
R: CCGACCCCCGACTCCTGGCTACCACCCTCACTCGTGCATTTCCCACTC

AGO2- F: CGGCAAGACGCCCGTGTTGGCCGAGGTC
Y520L R: GACCTCGGCCAACACGGGCGTCTTGCCG
AGO2- F: CTGGGGATGGCCGCGCAGTGCGTGC
T544A R: GCACGCACTGCGCGGCCATCCCCAG

gPCR
Firefly Luc F: GACCGGCTGAAGAGCCTGATC

R: TTGCAGCAGGATGCTCTCCAG
B-Actin F: AGAGCTATGAGCTGCCTGAC

R: TACGGATGTCAACGTCACAC
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Table S2 Putative FMRP recognition sites in the downstream neighborhood of MRE in the
reported neural targets of FMRP-associated miRNA.

Target Cell
miRNAs in Function or Potential FMRP binding sites in 3’UTR of target| Sp.|Ref.
neurons Tissue mMRNA
miR-9 Foxpl Modify motor Spinal cord |[AAUUUAUAUUCUUUGUACCU gogal| !
neuron columnar | from chick UAUUACACAAAGGUA
organization in the| embryos; AUGUUCUCUGUUUUAUGCUUUAUCUGA
spinal cord Neuro2A |AUUUAGAAGACC
BRAGEUGUU UUUUCUAGUAGUUAUUU
UUCCUUUUUCUUUUUGUGUA
miR-9 Foxp2 | Relate to Neurite Mouse AGCCCA AUUUAUUUUCAGUCAAACCA [mmu| 2
outgrowth and their, embryonic |AAGUUACAUAU CUGCCUCUGCUUAUA
radial migration in| neocortex |C U ACACUAACACACUCCCUUCA
embryonic mouse AAGACUUGUGCAG
neocortex
miR-9 Her6 Control timing of | Zebrafish |GGUAUCUU dre | 3
commitment and embryos |[UAUG AUGCGCUUUCAAGUUUCUUCUU
cell-cycle exit uu AGACAAAUAAAUGACAU A
within progenitor AAAA
populations during
neurogenesis
miR-9 Zich Control timing of | Zebrafish |UUAUU U CuU dre | 3
commitmentand | embryos |[CACCARAGAAUAAUAU U GAAA
cell-cycle exit AGAA UGCUUUUUAUCGUGUUCUGUA
within progenitor AAAAAGGUCUU G
populations during
neurogenesis
miR-9 Hes1 Regulate the Mouse UUUUUUACACGAGAUUUCUUUUUUUAUGU | mo | *
proliferation and Embryos; |GAUGCCAAAGAUGU AAAAUGCUCUUA
differentiation of | HEK293T |AAAUAUCUUCCUUUG AGUUUAUUUG
neural stem cells in AGAAUAUAAUAAAA
the developing
brain
miR- BACE1 |Alleviate cell death PC12; GCUCACCCAAGGUCACCAAACA hsa | °
124 in the process of | Hippocampal |GGUUGUGAACCAACUGCCUUAACCUUCUGG
AD by targeting | neurons |G[CC] [CCEJAUUAGCUAGACU GACC
BACE1L AGAA AU AAGG G
miR- Zif-268 | Regulate spatial Mouse UUUUUGCCCGUCCCUU UUCAAA |mmu| °
124 (EGR1) learning and hippocampus |AGUUUCACGUCUUGGUGCCUUUUGU Cc
social interaction | and cortex; |[ACGCCUUGCCGAUGGC CAUGCGCAGA
HEK293 U CAC
miR- Sox9 Regulate the Mouse SVZ; |[CUUGGAUUUCAAGAGUAGCUGCCUUAAAAG |mmu| ’
124 timing of neuronal|  HeLa ~ |AAAGAAAGAAAAAAGAAAGAAACCAAGH
differentiation A GAGAGAGAGAGA
along the SVZ AAGCCUUCUUUUGC
stem cell lineage
miR- DIx2 Involve in Mouse SVZ; [UUUUAUUUUUAUUUUUUUAAAAGUUUAGG [mmu| '
124 interneuron HelLa UGCCUUUGCGG CCUCAUU UGuUU
formation AAAAAAAA AUUUUUUUAAUAUG
CGCUGCAAAAAA
miR- CREB1 Constrain Aplysia pleural GG UCAGGGCAUGUUU |apc| ®
124 serotonin-induced ganglia, |GCGUGUCUUAUAUUUUUCCUGCACUACAUA
synaptic HEK293 |GGCCAUCUGGGUUGU CACCCGUGUUC
facilitation UGAUGUGUGUG
UUUCAAGGUUUGUGC hsa
CAG ACCCCAGCCU
C GCUGAAGU UGUGGGCCGCAUG
CAUAAAGUAAGU
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miR- SCP1 Induce P19; UUCAUUUUUAGGUGCCUCUAAACCCCAGAU mmu
124 (CTDSP1)| neurogenesis HEK293 |GUCACGUGCCUUCAGAGUAUCAACAGGGG
ACCUUCUUGUG|GGGUUA GuUC
UCCAAACCUUAAC
miR- wit Retrograde BMP S2-R+ UAUCUAGUAUACCCCCCUU UGAAUUU |dme| *°
124 signaling pathway, UCGGUGAAUGCCUUUUAGUCGUUCUCUUUA
whose activation in GU AGACCAAAACACCCACAGCCUuUuUcC
neurons increases AAUCACAUAAAAU
synaptic release at
the NMJ
miR- Med Retrograde BMP S2-R+ GGAUUUUGUGUUUUUCAUUUGC CUG |dme| *°
124 signaling pathway, AUUACGAUUAUGUUUGCCUUUGAUUAU
whose activation in UAAU UUUAUAAAA AACA
neurons increases ACUUAGAAGUCUUAAG
synaptic release at
the NMJ
miR- Mad Retrograde BMP S2-R+ AUCUUUUGUUAUCUUAAGUAAAACUAAUA |dme| ¥
124 signaling pathway, UUGUUUAGACCACGAGAAAAUUGCCUUUUU
whose activation in AUAUAAAUAUACAUGUAUA UACUCUA
neurons increases GUUAUCGUAAGCUU UUUUCUCUGAUU
synaptic release at UuUGUU AUUA
the NMJ
miR- NR2A | Affect dendritic Rat AUGUACGUAAGUUUGCAUUUCCUCCCUUCU | o | *
125b  |(GRIN2A)| spine morphology | Hippocampal |GGUGAUGACUCAGGGUUGUAUAGUAUCUG
neurons |UUACCCCUUCCCUCCCAGAGUAACCAUAAC
uccuucccuuuce
miR- Nestin | Orchestrates cell Neural GAAAAGACCAUCUGCCCGGCACUGGGGACU | hsa | *
125b | (NES) | proliferation, | progenitors |UAGGGGUGCIGGGT] CGCcuc
differentiation and CAAGCCCGCcucccuGcuc GCAGCACU
migration in neural CUUA ACGA
stem/progenitor
cells
miR- SMO Withdraw Daoy cells CACCCCAGGGACAGGGCCCUGGAGCUCAGG | hsa |
125b Hedgehog activity GUCCUUGUUUCUGCCCUGCCAGCUGCAGCC
during cerebellar UGGCAGCAUCUGCUCCAUCG
neuronal progenitor,
differentiation
miR- | PDGFRA | Repress giNSC giNSCs;  |CCUUUGUUUAUAUUUUUUUUAACUGUGAU |mmu| **
128 self-renewal and HEK293 |AUUCCCCACAGGCACGUUA UUGC
enhance AUGUCCAA UAUAUUUUAGAA
differentiation
miR- Reelin Modulating SH-SY5Y; |AACAGA UUUGUAAAACAGUGGUUGU | has | =
128 (RELN) neuroblastoma HEK293 |UUUUUCAUUGUGUUUUCUUCG UuUGU
progression and UUUUUCUGCGGGUCAUAUUCAUACCUUCUG
aggressiveness AGUUGUACAA
AGCCCUUCUCAAGACCGAGUGUACACCACU
UUCCCACACUGUGAACU ACAAGUG
AUUUGCUCAUAAGUA UCUUCAUG
UGUGUCCGU 16
Mouse cortica| AGAAAGCCCUUCGAGAUCUUGUGUACCCCA mmu
Regulate neural neurons; | CCUUCCCACACUGUGAGCU AUGUG
plasticity HEK293T UUCUCUGCACAUAAGUA UCUUCAC
GUCAGUGCGUCC
miR- DCX Modulating SH-SY5Y; |UGCCUUGUUAACAGCCAACACUGAAAACAC | hsa | =
128 Neuroblastoma HEK293 |UGUGAG UGUUUUCAGGUCUGACACCU
progression and UUCAGUCUCUUUUUAUAGCAAGAAAUCAAU
aggressiveness AUCCUUUUUAUAA
miR- NTRK3 Regulate SH-SY5Y; |AUCCACC GCAGGGUUGCCCCUUCCCU | hsa | *
128 cytoskeleton Hela CCAAUCAUCACUGUGCUCCUUUUUUCCCGG
organization CCUACGAGGCAGCUCCUGCCACUAUCUUUA
GAGCCAAUAAAG
miR- Spl Regulate neural Mouse AGCCCAGAACAAAAAGAAAUCUUGUCUUAC Immu| *°
128 plasticity cortical |CACUGUGGAUUAU GAA GA

neurons;

AAUUAUCCUGCUUUCUCUAUGGCCUGAUUC

S-6



HEK293T |CAGAAGAGACUGAU
miR- Ppplcc | Regulate neural Mouse GUCAUAAAUGCAUUCUGUUGAUACAA|mmu| *°
128 plasticity cortical |ACCACUGUGAAC UUUUUUCCAGUUUG
neurons; |UUUGAAA CUGCUUUCCCUCAUUGUCU
HEK293T |UGUCAUGUACAAA
miR- | p250GAP | Regulate neuronal PC12; |GCCCUGCGAGCAAUAGAG AGCAGCCU | hsa |1
132 morphogenesis | Rat cortical |CUGCUGGACAGUGGACUGUUCUAUUUUUUU
and dendritic neurons; |CAAUAACCAAAAAGAUUAAACAAAAAAU
growth Rat
hippocampal
neurons
miR- PLK2 |Relatetosynaptic| Human |AGGCUAAGGCAUACAGUUCUUGACUUUGEA (g, | 2
219 dysfunction lympho- |[CAAUEEAAGA ACCAG CAGUUUU
implicated in ASD|  blastoid |CC GAUACCUGUUUUAAAAGGUUUUUC
cell lines |AGAC UuUGC

The experimentally validated miRNA recognition sites (MRES) are highlighted in yellow, and the predicted but unvalidated
MREs are highlighted in grey. Three putative modes for FMRP to recognize the MRE are displayed distinctively. The first
oligo(U) elements are underlined. The potential G-quartet is shown in box. The frequent RNA-recognition elements of FMRP
discovered in recent reports are colored in cyan. apc: Aplysia californica; dme: Drosophila melanogaster; dre: Danio rerio;
gga: Gallus gallus; hsa: Homo sapiens; mmu: Mus musculus; rno:Rattus norvegicus; xla:Xenopus laevis.
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