Supplementary Appendix

The miR-17/106-p38 axis is a key regulator of the neurogenic-to-

gliogenic transition in developing neural stem/progenitor cells
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Supplementary Figures
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Fig. S1. MiR-17 OE does not increase production of Isl-1 + neurons. MiR-17-OE p2 neurospheres did
not increase production of Isl-1+ neurons (n = 3). Scale bar: 50 [’m. Results are shown as mean + SEM.
NS, p > 0.05.
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Fig. S2. Neurogenic effect of miR-17 OE in primary cultured neurospheres. The SVZ of the forebrain
from P30 mice was dissociated and cultured for 1 week to form neurospheres, and then subjected to the
differentiation assay. Cells were infected with lentivirus for miR-17 OE at the time of cell plating for
neurosphere formation. Consistent with our results from the ESC-derived neurosphere assay, miR-17 OE
in primary cultured neurospheres had a similar neurogenic effect. Scale bar: 50 [m. Results are shown
as mean + SEM. *p < 0.05.
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Fig. S3. Expression patterns of miR-17/106 in the developing mouse forebrain. Expression of miR-
17 and miR-106b at E11.5 and PO was determined by in situ hybridization with specific locked nucleic
acid probes. MGE: medial ganglionic eminence. Scale bars: 300 [1m.
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Fig. S4. Expression levels of p38 in neurospheres. (A) Expression levels of p38 in p0, p1, and p2
neurospheres were investigated by Western blotting with an anti-p38 antibody (Cell Signaling Technology
9212). MiR-17 repressed p38 expression at the p2 stage (n = 3). (B) The expression level of p38 in
developing NSPCs was investigated by analyzing Nestin+ (anti-Nestin antibody, abcam ab6142) cell
populations in the mouse forebrain at E11.5, E14.5, and E18.5. Consistent with the in vitro neurosphere
study, the number of p38-expressing NSPCs increased with developmental age. (C)
Immunohistochemistry of p38 expression with an anti-p38 antibody (Cell Signaling Technology 9218) in
developing mouse cortex and ganglionic eminence (GE) at E14.5 and E18.5. Scale bars: 50 [Jm. Results
are shown as mean + SEM. NS, p > 0.05; *p < 0.05; **p < 0.01.
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Fig. S5. MiR-17 binds the 3’'UTR of p38 mRNA. (A) Schematic diagrams show the binding between
miR-17 and its binding site in the 3’'UTR of mouse p38 mRNA (mMapk14) and its human counterpart
(hMAPK14). (B) A reporter assay was performed to detect any direct interaction between miR-17 and the
3'UTR of p38 mRNA. A control miR-17 antisense (miR-17 sensor), the miR-17 binding site in the 3’UTR
of p38 mMRNA (Mp38sensor; nt 2970-2992 of NM_011951), and its counterpart in the 3’'UTR of human
p38 mMRNA (Hp38sensor; nt 3204—-3226 of NM_001315) were cloned into a mammalian expression vector
featuring an mKate2 reporter system. Expression vectors for miR-LacZ or miR-17, which were inserted in
the 3'UTR of an EGFP reporter, were co-transfected with the Mp38sensor or Hp38sensor into HEK293
cells. After 3 days of culture, the expression levels of mKate2 in the cells were analyzed by fluorescence-
activated cell sorting. Compared with miR-LacZ OE, miR-17 OE caused downregulation of mKate2 linked
to the Mp38sensor and the Hp38sensor (n = 3). Results are shown as mean £ SEM. *p < 0.05 and **p <
0.01.
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Fig. S6. Schematic diagram showing neurogenic-to-gliogenic NSPC competence transition. The
expression of Coup-tfl/ll triggers the competence transition in NSPCs and gliogenesis. Downregulation of
miR-17/106 causes an increase in the level of p38 protein, which alters the responsiveness of NSPCs to
extrinsic signals. NSPCs then promote gliogenic potency by responding to gliogenic cytokines.
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Fig. S7. Knockdown efficiencies of shRNAs and artificial miRNAs. We designed and constructed five
shRNAs/miRNAs for each gene and investigated the knockdown efficiencies by Western blot analyses (A
and B, n = 1) or fluorescence-activated cell sorting analyses with mKate2-fused cDNA (C and D, n = 3).
The shRNA and miRNA that elicited the largest reduction in the expression of their target gene were used
for experiments. CT, control; OC, Onecut. Results are shown as mean + SEM. NS, p > 0.05; *p < 0.05;
**p < 0.01; ***p < 0.001.



Supplementary Tables

Table S1. Candidate downstream effectors of Coup-tfs identified by the microarray analysis.

Fold change (relative to p0-CT)

Gene symbol Accession no. p0-KD p2-CT p2-KD p2-KD/p2-CT
Sim1 NM_011376 217 0.18 2.29 12.48
Nkx2-1 NM_009385 1.13 0.24 2.96 12.22
Rax NM_013833 2.09 0.31 2.30 7.43
Zfp62 NM_009562 0.74 0.21 1.53 7.20
Hmx3 NM_008257 0.99 0.46 2.79 6.06
Vgli2 NM_153786 1.80 0.20 0.94 4.74
Dmrta1 NM_175647 212 0.26 1.16 4.42
Onecut2 NM_194268 0.82 0.16 0.70 4.32
Onecut1 NM_008262 0.73 0.18 0.76 4.27
Fezf2 NM_080433 1.39 0.18 0.75 4.07
Hmx2 NM_ 145998 0.91 0.32 1.30 4.01
Kbtbd8 NM_001008785 1.08 0.18 0.70 3.98
Zfp91 NM_053009 1.73 0.29 1.14 3.94
C77370 NM_001077354 0.81 0.19 0.75 3.91
Wdr54 NM_023790 1.24 0.39 1.47 3.77
Lhx5 NM_008499 0.98 0.32 1.19 3.72
KIhi29 XM_906219 0.86 0.31 1.11 3.64
1700045119Rik NR_003640 1.85 0.28 1.01 3.58
Wit1 NM_144783 1.81 0.22 0.74 3.37
D1Ertd471e XM_001473525 1.02 0.21 0.69 3.29
Foxa1 NM_008259 0.91 0.25 0.81 3.24
Crhbp NM_198408 0.79 0.30 0.95 3.18
Sp3 NM_001018042 1.61 0.33 1.03 3.1
Sim2 NM_011377 1.65 0.46 1.40 3.05
ENSMUSG00000046088 | XM_001477677 2.58 0.26 0.80 3.05
Hdac9 NM_024124 0.81 0.38 1.13 2.97
Prdm16 NM_027504 1.13 0.18 0.51 2.86
Msx2 NM_013601 1.88 0.26 0.75 2.85
4932417H02Rik NM_028898 0.97 0.25 0.69 2.82
Xist NR_ 001463 1.22 0.35 0.95 2.71
Vax1 NM_009501 1.37 0.36 0.94 2.63
Tex14 NM_031386 1.89 0.45 1.17 2.62
Csrnp3 NM_153409 0.78 0.39 1.00 2.60
Npas1 NM_008718 1.32 0.31 0.80 2.54
Tbr1 NM_009322 1.20 0.32 0.81 2.52
Dmrtb1 XM_205469 0.76 0.30 0.75 2.49
Ddx51 NM_027156 0.92 0.36 0.88 2.47
Zfp750 NM_178763 1.99 0.22 0.55 247
Zfp652 NM_201609 1.09 0.26 0.63 2.40
Foxg1 NM_008241 1.36 0.22 0.52 2.39
Zfp462 NM_172867 0.74 0.30 0.71 2.33
Phf16 NM_199317 0.80 0.44 1.02 2.32
Cux2 NM_007804 0.84 0.24 0.56 2.32
Zmym4 NM_001114399 0.72 0.41 0.96 2.32
Bcl7a NM_029850 0.9 0.38 0.88 2.31




Tle4 NM_011600 1.14 0.30 0.68 2.30
Rcor2 NM_054048 1.02 0.24 0.54 2.28
Atf7ip2 XM_148109 1.41 0.23 0.53 2.28
Zfp146 NM_011980 1.03 0.36 0.81 227
Bub3 NM_009774 1.56 0.34 0.78 2.27
Fbxl22 NM_175206 1.15 0.38 0.86 2.25
Htatip2 NM_016865 0.87 0.38 0.86 2.25
Satb1 NM_009122 0.89 0.32 0.71 2.23
Sall1 NM_021390 0.89 0.25 0.55 2.22
Nkx2-3 NM_008699 0.90 0.29 0.63 2.21
Rfx3 NM_011265 0.78 0.36 0.78 2.20
Onecut3 NM_139226 0.81 0.36 0.76 2.14
BC037703 NM_172295 1.18 0.29 0.61 2.14
Lass4 NM_026058 1.28 0.50 1.06 213
Zdbf2 XM_991644 1.01 0.45 0.95 213
D330045A20Rik NM_175326 1.39 0.33 0.69 212
Dhx9 NM_007842 0.74 0.32 0.69 2.12
Sox11 NM_009234 0.74 0.31 0.65 2.11
Tcf712 NM_009333 0.99 0.41 0.87 2.10
Obfc2a NM_028696 1.28 0.35 0.74 210
Uhmk1 NM_010633 1.41 0.42 0.88 2.08
Ovol1 NM_019935 1.05 0.39 0.81 2.08
Sox1 NM_009233 0.81 0.32 0.66 2.08
Arid4b NM_194262 1.48 0.28 0.58 2.07
Magi3 NM_133853 0.85 0.47 0.98 2.07
Prdm1 NM_007548 1.50 0.28 0.56 2.02
Foxe1 NM_183298 1.77 0.35 0.71 2.01
Otud7a NM_130880 0.72 0.36 0.72 2.00
Ccdc88c NM_026681 1.02 0.32 0.65 2.00
Epha3 NM_010140 0.74 0.60 2.63 4.35
Gse1 NM_198671 0.71 0.56 1.66 2.98
Nuak2 NM_028778 0.84 0.47 0.84 1.80
Lrrc9 NM_001142728 0.86 0.55 0.92 1.69
Mkrn1 NM_018810 1.44 0.16 0.22 1.36
Mami3 NM_001004176 1.55 0.66 0.87 1.31
Nol7 NM_023554 1.22 0.79 0.72 0.92
Pspc1 NM_025682 1.48 1.05 0.93 0.89
She1 NM_001113331 1.25 2.40 1.67 0.70
Glis2 NM_031184 1.01 0.98 0.58 0.59
Rbbp7 NM_009031 1.25 1.33 0.70 0.53
Psap NM_011179 1.04 3.70 1.73 0.47
Dpf3 NM_058212 1.30 6.32 2.63 0.42
Plekhm1 NM_183034 0.95 0.79 0.69 0.87
Rad5111 NM_009014 1.17 0.74 0.55 0.75
Gm7968 XM_986599 - - - -
Nhlh1 NM_010916 0.48 0.19 0.65 3.42
NhIh2 NM_178777 0.45 0.12 0.38 3.23
Hist1h2ba NM_175663 1.06 0.29 0.53 1.86
Hist1h2bm NM_178200 1.01 0.25 0.48 1.91
Foxb1 NM_022378 0.99 0.12 0.37 3.22




Hist1h2bk NM_175665 1.03 0.24 0.49 2.00
Bhlhb4 NM_080641 0.45 0.03 0.11 3.88
Bzw1 NM_025824 0.81 0.65 0.34 0.52
Nr2e1 NM_152229 0.61 0.31 0.52 1.70
Ybx1 NM_011732 1.07 0.47 0.54 1.16
Sp8 NM_177082 1.08 0.03 0.14 4.94
Myt1 NM_008665 0.42 0.43 1.29 3.02
Bazla XM_885873 0.77 0.23 0.38 1.67
Smarca4 NM_011417 0.90 0.43 0.44 1.02
Suhw2 NM_177475 1.32 0.35 0.55 1.58
Smarcab NM_053124 0.94 0.44 0.49 1.13
Neurod1 NM_010894 0.52 0.22 1.24 5.60
Ezh2 NM_007971 0.98 0.17 0.22 1.32
Zfp652 NM_201609 1.09 0.26 0.63 2.40
Phf10 NM_024250 0.94 0.65 0.54 0.83
Actl6a NM_019673 1.07 0.24 0.29 1.20
Baz1b NM_011714 0.88 0.62 0.63 1.02
Foxa2 NM_010446 1.46 0.05 0.19 3.93
Sox5 NM_011444 1.44 0.85 1.07 1.26
SERPINE1 NM_008871 1.56 24.26 4.77 0.20
COLb5A2 NM_007737 0.93 5.30 1.53 0.29
ARHGEF10 NM_172751 0.94 1.18 0.88 0.74
TGFB1I1 NM_009365 1.32 5.41 3.03 0.56
5430411K18Rik NM_001195633 0.86 1.31 1.20 0.92
FYCO1 NM_148925 0.92 2.07 1.61 0.78
TXNIP NM_001009935 1.02 4.78 4.41 0.92
REEP3 NM_178606 0.56 1.23 0.69 0.57
FBN1 NM_007993 0.89 4.25 1.41 0.33
CALD1 NM_145575 0.99 1.30 1.10 0.85
LIMK1 NM_010717 1.17 1.59 1.35 0.85
AKAP12 NM_031185 0.96 1.14 0.35 0.30
THBS1 NM_011580 1.11 2.63 2.18 0.83
LIMA1 NM_001113545 1.09 2.34 1.50 0.64
ITGA4 NM_010576 0.85 1.08 1.02 0.94
FMR1 NM_008031 1.13 0.89 0.81 0.91
FNDC3B NM_173182 0.97 2.22 1.36 0.61
AXL NM_009465 0.60 6.25 1.43 0.23
CIRBP NM_007705 1.14 1.46 1.28 0.88
9430031J16Rik NM_020864 1.35 0.90 1.66 1.84
PALLD NM_016081 1.22 0.84 1.09 1.30
FBLN1 NM_006486 1.31 2.80 1.76 0.63
ACBD5 NM_145698 0.83 0.85 0.85 1.00
PKD2 NM_008861 0.99 1.73 1.03 0.59
PACS1 NM_018026 0.90 1.33 1.17 0.88
IRF9 NM_006084 0.89 1.73 1.20 0.69
CD46 NM_002389 0.96 2.26 1.71 0.75
STK38 NM_007271 0.97 0.65 0.60 0.92
SH3BP4 NM_014521 1.11 0.94 0.89 0.95
HIP1R NM_003959 0.93 1.02 1.13 1.1
NAGK NM_017567 0.97 2.82 2.10 0.74
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ATL3 NM_015459 1.00 1.35 0.78 0.58

RAPGEF2 NM_014247 0.86 0.58 0.61 1.06
PLXNA4 NM_001105543 0.77 0.97 1.71 1.76
FLJ11151 NM_001099455 0.97 0.88 0.83 0.94
PLXNA2 NM_025179 0.61 0.69 0.92 1.34

CT: control (shRNA-Control); KD: knockdown of Coup-tfs (shRNA-Coup-tfs); p0: stage
p0 neurospheres; p2: stage p2 neurospheres
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Table S2. Nucleotide sequences of the cloned microRNAs.

Cloned
microRNA

Cloned sequence

Length
(bp)

miR-LacZ

TGGAGGCTTGCTGAAGGCTGTAtgctgAAATCGCTGATTTGTGTAGTCgttttggccactgactgacGACTAC
ACATCAGCGATTTcaggACACAAGGCCTGTTACTAGCACTCACATGGAACAAATGGCCC

132

mmu-mir-21

ttggcattaagccccagcaaaccagagatgtttgetttgetttaaaccetgectgagecacctegtgettgcece
cctgtegtggteogtgacategeatggetgTaccaccttgtcggaTAGCTTATCAGACTGATGTTGActgttga
atctcatggCAACAGCAGTCGATGGGCTGTCtgacattttggtatctttcatctgaccatccataGeaaatgt
tttcattcaaacattacccagcatcatggtttgcagtcaaaaattgtggteccttatgtettgtgagacttgga

292

mmu-miR-9

caccacgegegteccccatecgocgtegagegactcgagactacggaggtccaggeggtggoegggaggetge
gtggaagaggaggaggeggccaggaggeggeGttggttgttaTCTTTGGTTATCTAGCTGTATGAgtggtete
gagtcttcATAAAGCTAGATAACCGAAAGTaaaaataaccccatacactgegecagagggectggaacgetggt
agtggccgagetgcaggagggagagecgtgocaggegtgoctggaggetggagggctggggggagegega

289

mmu-miR-132

cectgtggettgeggtggecgcaggecccgeagacactegegecacceecgecgeccgeggtgetgacgtcage
ctgcaagccccgeccccgegtctecaggheaaccgtggetttegattgttactgtgggaaccggaggTAACAG
TCTACAGCCATGGTCGecccgeageacgeccacgetccccaccacteccgagttetgeccageetgggtttege
cagatacagagcaagaggaggeggggcggcgacgcaacattegatg

265

mmu-miR-195

aaggtgggacaggagacactggaaagageccctetgecaacccccaggttgtetgataccagttatcaggaace
ctggtaatgagttctggecccacagagcaaagtagagtetttgttgeccacacccaactetectggctcTAGC
AGCACAGAAATATTGGCatggggaagtgagtcetgecaatattggetgtgetgctecaggcagggteggtgagag
ctactgagaaggggccaageccogagggegaagecagaggagagggaacggecagetggcageaccatgttgaga
gaatcttt

300

mmu-miR-497

ttttttggggggecatgtttgecattcacacctetgtetcactctaggtgggggtettcacggeactgeetgt
getgtettectetegacccaccccagteeTgecccecgecccCAGCAGCACACTGTGGTTTGTAcggcactgtegg
ccacgtccaaaccacactgtggtgttagagegagggtatgggaggcaccgatgagectggecctgggaggeca
ccctggagaagcaacacacacacacacacacacacacacacacacacacacacaccgtctagggta

285

mmu-miR-22

tagagccaggtttggatggectetgggtegetggocectgtcacccagetttoctgtttttttttttectecce
ttccttttaggaacctgtgecteccacaccctcacctggetgageegcagtAGTTCTTCAGTGGCAAGCTTTA
tgtcctgacccagctaAAGCTGCCAGTTGAAGAACTGTtgecctetgeccectggettegtggaggaagaggag
aagcagcagetttgectatcatccggaaggtgacagaactggggtgggaagegtetggacagetgegggtgatgg
ctttatggT

301

mmu-miR-128

tctttgatacgtagetgetttcattettggactcttttgaaaagtttgcagettctecttatgtgettatatt
ttacaataattggecttcettectgagetetTggatteggggecgtagecactgtetgagaggtttacatttcTC
ACAGTGAACCGGTCTCTTTttcagetgettectgacttetttttacttetttttgettttttgettttttttt
ctatgctatattaagatactaatatttgtttatattttccattgectataat

271

mmu-miR-29a

taagccttctetggaagtggactccaccatgeteggatgaagacctacatatacgacagattgaaggectggg
ccttcccagtgeacatgacctettgtgaccccttagaggatgACTGATTTCTTTTGGTGTTCAGagtcaatag
aattttcTAGCACCATCTGAAATCGGTTAtaatgattggggaagagecaccgttcagetgactacgttattget
gacgttggagccacaggtaagaattaagaaacaaataccaaaacatgctaaggtacattttettectat

288

mmu-miR-106b

actgctectggtgagtggtgggtocctgtcagetggaaagetgaccectgectgecacctcacctaatgacecet
caagccgectccttecctecctaccagecctgetgggacTAAAGTGCTGACAGTGCAGATagtggtectetetg
tgctaCCGCACTGTGGGTACTTGCTGCtccagcagggcacgtgcaacgeccatggagggaaaggetgettget
gettgaatccatgagggctaggacttgaattectggtgtcctagatatgatcttagaaatcte

282

mmu-miR-224

mmu-miR-431

gotcttcetactagacaactatgggectgectettagtacttcagtttgtccagataggtggagecccatcate
agaactggcagaagagacaaggcccggggGetttTAAGTCACTAGTGGTTCCGTTtagtagatggtCtgtgca
ttgtttcaaaatggtgecctagtgactacaaagecccagagecageatcatcggtgaagecaatggeagtaggt
aagcaacatctcttcctgtggagaaagaagtaggtcttttcctttgactagaaactacttatt

ttgaggaaatctaggacctctgggtccaaaagatttegtggtctgaaggtgaccgettectggtegecaaaca '

ggtectettgeacgtegttgtectgegegTectgegagg TGTCTTGCAGGCCGTCATGCAggccacactgace
gtaacgttgCAGGTCGTCTTGCAGGGCTTCTegcaagacgacatcttcatccccaacgacgtgcagttccaag
taccggtgetggtaagggtcaggaaagacgtcatectcagggttgactectgaccccaaagaactcacacagg

282

291

12



mmu-miR-666

tgggaagcaaagtcaggattattatatcattctctgatgtttgaggagactccaaagacctccccaaaggatg
accaatccaaagcctgtctacaagatcectGattctgectgegtggAGCGGGCACAGCTGTGAGAGCCecctag
gtacagcggGGCTGCAGCGTGATCGCCTGCTcacgecacaggaagtgacgacageggtactcaagecacaggaa
gtgacgacagcggtacacaagtggtacacagggttccatgetgetgacgtacggtgettaatgagaagttgece
cggtgt

208

mmu-miR-1193

tactccctatggetttggactgtgaggtgactettggtgtgtgatggettttcagecaaggtectectcacagt
agctataaggacgtgccageatcgtgactGaagggacaatgatgeccactgttcteggggtagetgtgtggat
ggtagaccggtgacgtacacttcatttatgctgTAGGTCACCCGTTTTACTATCcaccaacacccagaccatc
tgtgggaagacaccttggtgcacacggcagetatgaagaagatgttggtggggttgaggecagegtgaaacta
aaAtatttcaagcagagttagcttttaag

321

mmu-miR-20a

ctatgcaaaactgatggtggectgetatttacttcaagtgttgtttttttttaaactaattttgtatttttat
tgtgtcgatgtagagectgegtggtegtgtgtgatgtgacagettctgtagcacTAAAGTGCTTATAGTGCAGG
TAGtgtgtagccatctACTGCATTACGAGCACTTAAAGtactgccagetgtagaactccagectegectggece
atcgcccageccaactgtoctgttattgagcactggtctatggttagttttgecaggtttgecatccagetgtata
atattctgctgtgcaaa

309

mmu-miR-18a

tgacagctgecteggtgggagecacagtgggegetgectogggcggecactggetgegtecagtegteggtcag
teggtegeggggagggectgctggtgctecgtgctttttgttcTAAGGTGCATCTAGTGCAGATAGEgaagta
gactagcatctACTGCCCTAAGTGCTCCTTCTGgcataagaagttatgtectcatccaatccaagtcaageaa
geatgtaggggtctetccatagttgtgtttgecagecctetgttagttttgcatagttgecactacaagaagaat
gtag

296

mmu-miR-154

mmu-miR-223

cacagtcaatgcagtaacctgetgtgttcactgtgettgggeggacttcctggaggaagecagettcagagaag
agatgctggtacccacgtgeggtgcttgaAgaTAGGTTATCCGTGTTGCCTTCGetttattegtgacgAATCA
TACACGGTTGACCTATTtttcagtaccaaatcccgecttggaggaatttetggggteggactgtggtgttage
gtetttccagggtaagtgaagggatggttcaccatggttggatctag

tgtctcacacttagggtaagatataatcaccctatttttttctetttccagttgeacatctteccageatgtte
ttgetgeccagtggaggttectgateTggeccatetgeagtgtcacgetecgtgtatttgacaagetgagttegg
acactctgtgtggtagagTGTCAGTTTGTCAAATACCCCAagtgtggctcatgectatcagetccaggtccag
gacagagcacatagectgetgectacatatgaatgettatgaaacatgaagetetetggtgttattetatgtt
ttaagggaactata

266

306

mmu-miR-107

tgccattactgecgtagaccacggagatgtgaggcaagecctgggtgtatgcacagataaccgaacaagaaaa
tgettccacccgcaatactegatatttttcetetgtgetttcagettotttacagtgttgecttgteggeategga
gttcaAGCAGCATTGTACAGGGCTATCAaagcacagagagctcgegacagecaaggecagecagageccccag
gogtaaggagagtgtagecactgaggacaggecatagetttattaacaagttttgaaagattgectaagtt

287

mmu-miR-301b

cgggctggaatcccgtetgttctecgagettggatagatgteccacccacccatggtggttgaatttccageg
cagcocctgegtgeagegagggegatggatttectgetggetgcgggtgctetgactaggttgecactactgtgce
tgtgagaagCAGTGCAATGGTATTGTCAAAGCatctgggaccagectcgaagaccacctcacctactgttect
tettteottecctttccaggectggeccctcaggectgeaggeegtacccteccectgeteattttactetett
ctccatgg

300

mmu-miR-409

gotcctcactgaatggggagttataatctetgaggggctccaggatggttettetggaaactcagecategge
ctegttetgageatecgagectctecgtgGtactcggagagAGGTTACCCGAGCAACGTTTGCATctggaggac
GAATGTTGCTCGGTGAACCCCTttteggtatcaaatccctcocagggaggecacctcagggaagaccatggact
catctcgctotggggtatgggacggatggtcgaccagetggaaagtaattgtttctaatg

279

mmu-miR-369

tggtcgaccagetggaaagtaattgtttctaatgtacttcacctggtccactagecgteggtgecegetgeag
cctgegeccaggatgtcacagectcagetcaacacctetgetggtacttgaagggAGATCGACCGTGTTATAT
TCGCttggetgacttcgAATAATACATGGTTGATCTTTtctcagtatcaacgectcagettggagaagetetty
gagttgcageccotgtgggggtggggacageatggtgettctaggttgetgectecgeggggaactgggotgg
gtggaaca

300

mmu-miR-376¢

gaatctgtgtcctetgggggetgtgccgagggcgectgtetgetgecttecttcatttetgacggattaggect
cggctetttctettcaggactaaatcttttggtatttaaaagGTGGATATTCCTTCTATGTTTAtgctttttg
tgattaAACATAGAGGAAATTTCACGTtttcagtgtcaaatgetgetgggtaatgggcctgagetgaagecac
caccagggcagtgacaGgacaggtgecaccctettgggtaagtggggggtcagtggtccacagageat

286

mmu-miR-17

tgtaattgatgtttgtgacagaatttagagetttggetttttectttttgtctaattatttatttcaaattta
gcaggaataaagtgaacctcaccttgggactgaagetgtgaccagtcagaataatgtCAAAGTGCTTACAGTG
CAGGTAGtgatgtgtgcatctACTGCAGTGAGGGCACTTGTAGeattatgetgacagetgecteggtgggage

300
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cacagtgggcgetgectogggeggcactggetgegtecagtegteggtcagteggtegeggggagggeotget
ggtgotge

mmu-miR-377

cctagagggtgggagtcagggagccagagecgagggaggeagggetgectggggaagaggegeecctgetcaac
totecggectgtgetgacgtttgattettghAgecagaggttgeccttggtgaattegetttattgatgttgaATC
ACACAAAGGCAACTTTTGTttgagtatcaaagectgettggggteggcattggggacacgttacaaagttcteg
ggtctctgcaaatgtcatgtgectagaatggaaggtgtggatatggggat

268

mmu-miR-25

cacaacctctgatagtggccctagetgagegecccaggetecatttgtttgatggggagectagtggagttca
gaagggtetggtotcecctcacaggacagetgaacacccaccgggactggecagtgttgagaggeggagacttg
ggcaattgetggacgetgeectgggCATTGCACTTGTCTCGGTCTGAcagtgecggeccaacactgeagatgt
gggggggcagggaggagtccccatttttgttcaatgagtaggcaaatgtggettgecccaggettgaagetgga
gcaaagaa

300

mmu-miR-543

tgcagegtgatcgectgetcacgecacaggaagtgacgacageggtactcaageccacaggaagtgacgacageg
gtacacaagtggtacacagggttccatgctgetgacgtacggtgecttaatgagaagttgeccgegtgttttte
getttatatgtgacgAAACATTCGCGGTGCACTTCTTtttcageatectattctacgttgaagacttcgggeg
ttcaactacttactgacttcagggaagccatgttagtctaggaaagtagtctatgtagtgagectgggttety
tgagttta

300

mmu-miR-301a

mmu-miR-7a

tcotttgeccttccaaaaatatactggtataaatgtttttaggttttggatgtettctgactaaaatggcaac
tcaactttaaggtctttgecacactgagecttgecattectttectgetcactectgetaacggetgetetgact
ttattgcactactgtactttacagcgagCAGTGCAATAGTATTGTCAAAGCatccgegageaggttgcacace
tttectggttottgtettacatcttcagtatttgtgaaaaggtttctataactttcagtgtggaaaactgtat
aattttgt

ccttaaccaagcaaacttctcatttctcotggtgaaaactgetgeccaaaaccaccacttgtaataatttataca
gagcctgtagaaaatgtagaagagacattgGatgttggectagttctgtgTGGAAGACTAGTGATTTTGTTGT
ttttagataactaaaacgaCAACAAATCACAGTCTGCCATAtggcacaggecacctctacaggacagataatg
atggtgctgtcaaacgcagecatttcacaccttcctcatgttectttgtetttcctaccaagtattaacagett
cogtttcattttcttaa

300

309

mmu-miR-92a

caggtttgcatccagectgtataatattctgetgtgcaaatccatgcaaaactgactgtggtggtgaaaagtet
gtagagaagtaagggaaaatcaaacccctttctacacaggttgggatttgtegecaatgetgtgtttcteotgta
tggTATTGCACTTGTCCCGGCCTGttgagtttggtggggattgtgaccagaagatgtgaaaatgacaatattg
ctgaagatgeccgatttccactgtaaaaatgttcacgagetgatggagtgtatgaacacatt

280

mmu-miR-411

atgcatgetttgtgcccagecagactcaagattccaccagetcaatggeccagagggcttectggacgtgcce
tcagectttgtectoggegtetotgtgtgbtacttggagagaTAGTAGACCGTATAGCGTACGetttatetet
gacgTATGTAACACGGTCCACTAACCctcagtatcaaatccatccccgaggecectggagaagatgetgtett
cggggagacgeccagtagactcatcatcagggettctccatgatgetggaagagatggttttcaa

283

mmu-miR-181d

mmu-miR-541

accccgaggectggaactgecaccegtctaccccatccccaccctgtagaccecgggagagecccaggeageat
cccctgectcaggecacagecaaaggtcacaAttAACATTCATTGTTGTCGGTGGGTtgtgaggaggcagecag
acccaccgggggatgaatgtcactgtggetgggccaaacaacaccatcagggatgggaaagaggatagaacce
ttcagattttgcttgtcacttactcceccttggggaaatgggacteggtetetgg

tacatgaagctgeccgtggegtettttccccgtatgacacactgecatgtgaccagtetettgetgecctgeag '

caaggctagaagcctgtgtgaactcttgcCaaaatcagaghAAGGGATTCTGATGTTGGTCACACTccaagagt
tttaaaatgagtggcgaacacagaatccatactctgettatggectaagtcaatggatecctgacecttactgg
agagccctcoctggegtgotegtgcgggegcagecatacacactggcacaaggggaccetgegggatetect

272

290

mmu-miR-130b

caggocgaggcotccgeccaggtgggcatgegttcetaggtctaagatcccactccagecaccccaactecccat
gccccgecccaccccgtgagactgacaggCttgttggacACTCTTTCCCTGTTGCACTACTgtgggectetgg
£aagCAGTGCAATGATGAAAGGGCATctgtcggegccagetaaggagectgaggaacaaaagggtcagtgetty
gatcatagtcttagatagagatagctatctctagctaaaaggataaggtggatgctgagaacca

283

mmu-miR-495

tectgectcacccaccatcccttecttecgectgtecctcageateccttcacactcaggeacactgetggaac
aagcaagagctcagecgtggtacctgaaaAgaagttgeccatgttatttttogettttatttgtgacgAAACA
AACATGGTGCACTTCTTtttcgatatcaaatctcaccttggagagetccccatggaccagagggaggacggga
ggccagggggtttgggtcaccatgtgecacaggggecatttacctcaa

265
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mmu-miR-20b

gatttgaacggcacaagtttcaaaggctctttcagtgtttcgeccgagaaacagatggcggagactgtagtata
cagttgtgtagaagaacaagctcggatcctagtagtgcCAAAGTGCTCATAGTGCAGGTAGtttttataccac
tctACTGCAGTGTGAGCACTTCTAGtactcctggatcaaccaaggtcettgttgaagcaactacagegecaagga
cattgctacttacgattagttttgcagatttgcagttcagegtatatgtgaatatatgget

280

mmu-miR-337

tggetggectttggtttecttectctaacactaagecctgggagtetgtectacctgttgtotgtgcttotty
ccttgetttttcaggagaggagggtcccaGtgtagtgagaagttegggeggtggGAACGGCGTCATGCAGGAGT
Tgattgcacagccal TCAGCTCCTATATGATGCCTttettcacceecttcaaccgegtgaggectecggacee
tcctecgegeaccttgggecgettagggacgegtottcagetegetottttoccctggcatgetttetegeca
tt

294

mmu-miR-135b

tgagagaatgegttcecgtggggggaggecaggtegggaggagggaggtgtgagattecccagtttectgettt
tttaagattgetgecactggacccctoegCtotgetgtggcc TATGGCTTTTCATTCCTATGTGAttgctget
ccgaactcatgtagggctaaaagccatgggetacagtgaggggcaagetcctgecacagetacacatecctaag
gaccagccacagagggeaccagagggaggggecgecattgetaggaacteotggtttggggctaggetgtete
at

294

mmu-miR-299

tgacctgettcttctcaacaccatccctgaagaggtgtectgaggcaacctggcagacatgaaccttcttaca
getgtecttgetgtcacgeggtacttgaaGaaaTGGTTTACCGTCCCACATACATtttgagtatgTATGTGGG
ACGGTAAACCGCTTcttggtatccageccagecatccagtccataccatcctcgagecaagectgaagtgagag
aagaaacgttgttttggettgetctetacategggotgettegge

263

mmu-miR-93

ggctgocttgotgettgaatccatgagggctaggacttgaattectggtgtecctagatatgatettagaaatet
ccattctgtcctcccoctottggaccttagtcatgggegctcCAAAGTGCTGTTCGTGCAGGTAGtgtaattac
ctgacctAGTGCTGAGCTAGCACTTCCCGagecccCaggacacaacctctgatagtggecctagetgagegec
ccaggctccatttgtttgatggggagectagtggagttcagaagggtctggtctecctcacaggacage

288

mmu-miR-342

attgtgcaccttgcaaacatacccctegettectgettetgtaccctetectgaagaccacgatgaagetect
gaaccgccagcaccatttgecatctgtgaaaAtgggctcaaggtgAGGGGTGCTATCTGTGATTGAGggacat
ggtcaatggaattgtctcacacagaaatcgeacccgtcaccttggectgetgagecaccaccagaaccaagaag
cacagcaccccaaaccaagecageagecctggtgaagtcccogtgaatgtggecgtgatgtgtgtgagetatgg
aag

205

mmu-miR-323

catggtctacttcttctcaatatcacatctegecttggaagacttccaggaggtgacatctgetttgaggaag
agccagtgtccoggtettectactgetgetgettggtacttggagagAGGTGGTCCGTGGCGCGTTCGCttea
tttatggcgCACATTACACGGTCGACCTCTttgcgetatctaatcccgecttgegagetttcctggagetaac
accagctgtggggtgegggacactaaatgtgtgtgctagegcaacccagecagegggtttgtettttettgtgt
ctgacaat

300

mmu-miR-805

ttgttaatgtttattgecgtaatagagtatgattagagttttggttcacggaacatgattttgtaaaattttta
caagtactaaaatataagtcatattttgggaactactaGAATTGATCAGGACATAGGGtttgatagttaatat
tatatgtctttcaagttcttagtgtttttgggetttggcattaagaggagggegtegeggetttggagagtta
aaatttggtattgagtagcatttatgtctaacaagcatgaataattagecttaggtgattgggttttegcggac
taatgatt

300

mmu-miR-380

tggtggtetettttcaacattgcatctagggtttcctggaagtgataatcatgaggaaagaagecagetecty
caccaccctctctccatggtacctgaaaagATGGTTGACCATAGAACATGCGetacttetgtgtcgTATGTAG
TATGGTCCACATCTTctcgttatcaaagtcattegtgagggttttccagagaccgagecaacttcatgggaga
tatcctgtectggettcagecacagtacttggggagatggtaga

262

mmu-miR-433

goctotetggttccaacatctgeoggaagagtgettgtgtgtcaccttcagetggecatcteccataacaccaaaa
ttgaagtgtgagaagaagaagacccaatgccCggggagaagTACGGTGAGCCTGTCATTATTCagagaggcta
gatcctetgtgttgagaaggATCATGATGGGCTCCTCGGTGTtetccaggtageggcaccacaccatgaagge
agcccggattggaaggatcctcatctccactcgagggtactccacctccattgtagagaggggtcttgaatag
Aaagcacaggtagatttcttgecagtttegte

324

mmu-miR-325

gcattcacaaagagagaaggtttctgtgaaaatcaatggttcttggatgtgggttttgtgatggactaggggce
caagtgttgtggattctaacagagcecgatAtagtgettggttCCTAGTAGGTGCTCAGTAAGTGTttgtgaca
taattcgTTTATTGAGCACCTCCTATCAAtcaagcactgtgctaggetetggggeccacatagetaagttagac
aagatgctcccttttgaggetettattgetagtagtggetatagtagagtgattagttataacaacaatactg
at

294

mmu-miR-379

cactgccaaatcaggcctcagaaaagetttctggaagtgacgecagettcagggacaaggcccaagtttctag
gggtcaacaccgttccatggttcctgaagAgaTGGTAGACTATGGAACGTAGGegttatgtttttgacctatyg
taacatggtccactaactctcagtatccaatccatcctcggagggcaccccggaggtgttaccaacagegagg

266
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aagagaatcggttcatcctcacccactccgtgtactttcagttgeta

mmu-miR-153

tettetectetetgecacctettgetgtgttecatgecatccactaacgetgetcactgtcaaaccgacaaacce
ttactttgccagetacttageggtggececgbtgtecatttttgtgacgttgcagetagtaatatgageccaglTG
CATAGTCACAAAAGTGATCattggaaactgtgactgcagecagggacatgggggccectetetgagectctaac
gacctcacctgactttgeottgetgttegtttgcatggegactcactcagt

269

mmu-miR-19a

tagcatctactgecctaagtgetecttctggecataagaagttatgtectcatccaatccaagtcaagecaagea
tgtaggggtctctocatagttgtgtttgcagecctctgt TAGTTTTGCATAGTTGCACTACaagaagaatgta
gtTGTGCAAATCTATGCAAAACTGAtggtggcctgetatttacttcaagtgttgtttttttttaaactaattt
tgtatttttattgtgtcegatgtagagectgegtggtgtgtgtgatgtgacagettectgtagea

282

mmu-miR-670

mmu-miR-298

gtgtoctgagetctcaccgcataggaggtcataagcaacatagaaggaagetacccacttcctettetgecaa
gtecggagattetggaatgetacacgtggttTggagetegeggcctgacATCCCTGAGTGTATGTGGTGAAcctg
aacttgecctgggtttcctcatatccattcaggagtgtcagetgectettegetcaacgetegetggagagag
tgacctcaaacaaagatccactcaatgaaaagaatgaagttccatctttcttectccagtgecttggataace
ct

gotcotgeccaattgactgettoctgagecaccacagetatttgaggtaggetgggacgttectgeegtgcttg '

aaagagacaccaagaggcataagaggcccAggectttGGCAGAGGAGGGCTGTTCTTCCCttgagttttatga
ctgggaggaactagecttctctcagettaggagtgggccaacagettecttecgatcteccaggagaatgttge
tggttgacacacggaactcatcctctaagttcccccacccatcaaggtagetggtggagtcaga

294

283

mmu-miR-15b

aattcttccaaggttcttggtttttgatttttggettgtactaaagecttgaaagagtgttettetgtttgcte
agtcctgteottttggaaccttaaagtactgTAGCAGCACATCATGGTTTACAtactacagtcaagatgCGAAT
CATTATTTGCTGCTCTAgaaatttaaggaaattcattcaagattatatggtaccatcacagttgtattatgtt
tggatatctgacatgettgttccactctagecagecacgtaaatatt

264

mmu-miR-329

ttgagcactttgactaacatccagtgtgcaaccctgecattcaacaggectgcecaggtctgaaggtcacgttgg
ggaattaccgaggtagtcottgtcagtgttcgettctggtaccggaagagaggttttotgggtetotgtttett
tgatgagaatgaAACACACCCAGCTAACCTTTTTttcagtatcaaatcccatettggaggettegtggtecag
atcccagtctcagggaaggatggtcectgtcagecatccagecaggggacaggaataactggttctccacaaage
cagcgagt

300

mmu-miR-19b

gtgtgtagccatctactgcattacgagcacttaaagtactgeccagetgtagaactccagectegectggecat
cgcccagecaactgtectgttattgagcactggtctatggttagttttgecaggtttgcatccagetgtataat
attctgcTGTGCAAATCCATGCAAAACTGActgtggtggtgaaaagtctgtagagaagtaagggaaaatcaaa
cccctttctacacaggttgggatttgtcogcaatgetgtgtttectetgtatggtattgcacttgteceg

287

mmu-miR-103

taaatgaggtaaaaacattttgaggtaactgttgaaaaggacactgtggactcttgtttataattaatggagt
actcaattagtaagatgecttggaagttttcttactgcccteoggettctttacagtgetgecttgttgeatatg
gatcaAGCAGCATTGTACAGGGCTATGAaggcattgagacttgttcttcatgeggtttgagtgatatgtecte
cttgecttaagaacaatatggagagetggggaaatggetcagtggetgotgtgcaggecatgaggace

286

mmu-miR-744

ttcactgecaaggtgagttcaggetgggccgetgcaccectgggageagggcagtgotgetetgagecaggeg
ggagctggaggaagaageageacagtgggCtggecaaggTGCGGGGCTAGGGCTAACAGCAgtcttactgace
gtttcctggaaaccacacacatgCTGTTGCCAGTAACCTCAACCTtacteggtectgaccggeteggcttcty
ttggtttattccatctctactcagtactgeccctgttecctggtttaaaagttgtatctaaatgtgtacettgt
ga

294

mmu-miR-199a-
1

agagttcagggtgegtggatgaactgaatggaggatcttgggaggagcagactecctggectgtaccatggece
acgctgaggaactgaacagccatccccgCecatCCCAGTGTTCAGACTACCTGTTCaggaggctgggacatgtA
CAGTAGTCTGCACATTGGTTAggctgggcttgggccagecagcaacagtgggaacttccagaccacctaaggtg
agtgctacctctctccactggggaagattctgggaggagggtggaaaaagta

271

mmu-miR-199b

ctgggactgggtgcatcggtatctccaggggatgggaccaaagetcccatcggaaggacagacgetgetgect
ggatggaccagaggatacctccactccgtctaCCCAGTGTTTAGACTACCTGTTCaggactcccaaattgtAC
AGTAGTCTGCACATTGGTTAggctggegctgggttagacccteggeaccgtegetggagagecgeaccaaccce
cctgetgtettctagaaccagagectggacctggggcagggagetggggeteggcacggeggtggactgggage
aggcgcoagggetttgtgactgeccategagetgegg

327
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mmu-miR-10a

agtgacttttctgctcccagatctcaaaattaaaacaaaacgaaataaaaatgaaaacattcagatcacacce
aaaagaagaacgcacggaaagtaagagaactggaaatttcctgggccaagaagacctgtetgtettetgtata
TACCCTGTAGATCCGAATTTGTGtaaggaattttgtggtcaCAAATTCGTATCTAGGGGAATAtgtagttgac
ataaacactccgctcatattctttcccagaagaaaaatagattattttctaaatgaggacaatccagtgactg

292

mmu-miR-10b

ccaggcttggtgagttcotggtggctegtegctgaagagatcaggtctggecagetgectgaatgtetgeteotegge
taggacccgaggttgtaacgttgtctatataTACCCTGTAGAACCGAATTTGTGtggtacccacatagtcaCA
GATTCGATTCTAGGGGAATAtatggtcgatgcaaaaacttcatatatctccgacatggccagagactgaggeg
cggagagtactggcageccagecggecaagecaccteotttetttttcatta

269

mmu-miR-135a-
1

tccagageccagtggagatgggaggeccttcccaggacacatcagetctgacctagageccctcacaccctca
cgatggaagaagggcccacaggggccgecccaggcctcactgttctc TATGGCTTTTTATTCCTATGTGAtte
tattgctegetcaTATAGGGATTGGAGCCGTGGCGtacggtgaggataagecaacagagggetetgatgtgga
acaagagggctcgaggtaaaccaggecagtggetgecaggccaagecaagtgactcacctetgecagetatgac
aggatggg

300

mmu-miR-196a-
2

gccacccaaagtccactctetagtectcagggaggttgtagggetgaagggggaccgggetgaatttettect
tccccaageccctteccttettectttggatagatgcaaagecctaaacteecggecctgettgctcagetgate
tgtegegct TAGGTAGTTTCATGTTGTTGGGattgagttttgaacTCGGCAACAAGAAACTGCCTGAgttacate
agtcggttttcgtcgagggccccaatccacctcccctaaccettectteccttgtgggactgecccaccacce
atcccagaaagggcaaaataggtgcagactgaggaggtcaggete

337

mmu-miR-196b

ttagggtggtgtetggtacaggttgcggaggagggctegactgggcacaatcgcagggetetttecttggegg
cgacagtggcagcageggaggeggcgaggggcgaggcaaccctacgeccgoagecatcagaactggteggtegat
tTAGGTAGTTTCCTGTTGTTGGGatccacctttctctegacageacgacactgecttecattacttcagttgaa
agcatctccaggtacctgtccagagecagececgggatggetaggegggccatcaaggectaategtgccagge

291

mmu-mir-106a

gtgtttatccaggtgagtctgcagatctggcaaagaagagttcgtggaagacttcaaggttacactcctggag
tatgccttggccATGTCAAAGTGCTAACAGTGCAGGTAGCTTTTTGAGTTCTACTGCAGTGCCAGCACTTCTT
ACATtaccatggtgatttaatcagaggeccgetgagteccctggtttetgecatagttagattgtggatgttttt
gagctgoteottgtaatgtgtectettgtgttaaggtgcatctagtgetgttagtgaagecagettacaatctac
tgccctaa

300

mmu-miR-720

ccagcttggecagecactccaagtttgacctccatgagettecttetecttcaatggettgagegacgecatettg
aagtcctggtctggaaggtgtacacctcctgaggcageccttcaaccCTGGAGCCCCAGAATGAAGATGCAGC
TTTAGAATTTGGGTGGTCTATCTCGCTGGGGCCTCCAGaaaatgtgaatcccactgagtgagaataagaccac
taccacaagccagtcagtggtggtacaaacctttaatcgetgtgetcagttggcagagttagatgaatctetg
agttccag

300

mmu-miR-130a

tetttgectgggaaggaaatgaggacgagggacgagaggaaggecgtgacgtgagetgagtgtggecagggact
gggagaaagggtgaggaggegggecggcatgectttgetgetggeccgGAGCTCTTTTCACATTGTGCTACTGT
CTAACGTGTACCGAGCAGTGCAATGTTAAAAGGGCATCggecttgtagtactacccagtgecggeagectect
cagcatcactgcattttctcccacctgagcaccagtcagetactectgetggcaatttggatatatggageect
cccttaga

300

mmu-mir-125b-2

atgtttetgtctgtgtgtttcaattagtatttagaagattaaaaataaatgaacccaactctaattcccaage
tgtccTtttacctggaagaagaattctectgecatcacacgagactttGCCTAGTCCCTGAGACCCTAACTTGT
GAGGTATTTTAGTAACATCACAAGTCAGGTTCTTGGGACCTAGGCggagggataccagcagettgggacctta
ttgattctcggcataaaccaccagaacaaaagaacaggcatagattctgecataggegcaaagaacaatggttt
tctttcta

300

mmu-miR-1224

caccagcctccagectettccaggetcagectgggtegtcatcgaagactctgeagetccaataagggccaga
ctcatgagaacagcaatgacggcagcaaccatgactacctgectctgGTGAGGACTGGGGAGGTGGAGGGTAG
CATCATTAGAGCGAGAGGTCTGTGTCAGCTCCGTCTGCCCCCACCTGTTCTCTCCTCAGgtacgactgcaaga
ggcaccaggetcecttcegectggatgaaccettetgtgetgetgtgtgcattcctcaagaacgectgtgtega
gectogee

300

mmu-mir-219-2

ttaccgegggacgggcotgegattgecgagettctgegaggtattccgatacgcagetccegagatetggtets
cgettttaaggageccaggcagaacccagagggggaccggggccctgaACTCAGGGGCTTCGCCACTGATTGTC
CAAACGCAATTCTTGTACGAGTCTGCGGCCAACCGAGAATTGTGGCTGGACATCTGTGGTTGAGCTCCGGGet
ctacagagacgaggtccacgetgggagaacccctgagecagecggcaggtcccagaacgatcattgtggeccca
gactggea

300
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mmu-miR-124-3

cggegaagaagetggageattcgegeccctcaggetaggaccccacgcaagecgcageccggecccgaccegg
tccagecegetegecgeccgecgeagecctgagggeccCTCTGCGTGTTCACAGCGGACCTTGATTTAATGTCT
ATACAATTAAGGCACGCGGTGAATGCCAAGAGaggcgectccgecgetectttctcatggaaatggeceggga
geccggeegtogeggegecocteccgegggaaaaaggegagecceggeccceggtggeccctogetecgegga
caaatccg

300

miR-17-92a
cluster

tgtaattgatgtttgtgacagaatttagagetttggetttttectttttgtctaattatttatttcaaattta
gcaggaataaagtgaacctcaccttgggactgaagctgtgaccaGTCAGAATAATGTCAAAGTGCTTACAGTG
CAGGTAGTGATGTGTGCATCTAGTGCAGTGAGGGCAGTTGTAGCATTATGCTGACagctgecteggtgggage
cacagtgggcgetgeoctogggeggeactggetgegtecagtegteggtcagteggtegeggggagggeotgct
getgcTGCGTGCTTTTTGTTCTAAGGTGCATCTAGTGCAGATAGTGAAGTAGACTAGCATCTACTGCCCTAAG
TGCTCCTTCTGGCATAAGAAGTTATGTCctcatccaatccaagtcaagcaageatgtaggggtctcetecatag
ttgtegtttGCAGCCCTCTGTTAGTTTTGCATAGTTGCACTACAAGAAGAATGTAGTTGTGCAAATCTATGCAA
AACTGATGGTGGCCTGCtatttacttcaagtgttgtttttttttaaactaattttgtatttttattgtgtega
tgtagageotgegtegtgtGTGTGATGTGACAGCTTCTGTAGCACTAAAGTGCTTATAGTGCAGGTAGTGTGT
AGCCATCTACTGCATTACGAGCAGTTAAAGTACTGCCAGCTGTAGAACTCCAGectcgectggccatcegecca
gccaactgtectgttattgagCACTGGTCTATGGTTAGTTTTGCAGGTTTGCATCCAGCTGTATAATATTCTG
CTGTGCAAATCCATGCAAAACTGACTGTGGTGGTGaaaagtctgtagagaagtaagggaaaatcaaacccCTT
TCTACACAGGTTGGGATTTGTCGCAATGCTGTGTTTCTGTGTATGGTATTGCAGTTGTGCCGGCCTGTTGAGT
TTGGtggggattgtgaccagaagatgtgaaaatgacaatattgetgaagatgecgatttccactgtaaaaatg
ttcacgagctgatggagtgtatgaacacatt

1053

miR-106b-25
cluster

actgctectggtgagtggtegggtocctgtcagetggaaagetgaccectgectgecacctcacctaatgaceet
caagccgectccttecctectaccagcCCTGCTGGGACTAAAGTGCTGACAGTGCAGATAGTGGTCCTCTCTG
TGCTACCGCACTGTGGGTACTTGCTGCTCCAGCAGGgcacgtgcaacgcccatggagggaaaggctgcttget
gcottgaatccatgagggetaggacttgaattectggtgtcctagatatgatcttagaaatctecattetgtee
teccectettggaccttAGTCATGGGGGCTCCAAAGTGCTGTTCGTGCAGGTAGTGTAATTACCTGACCTACTG
CTGAGCTAGCACTTCCCGAGCCCCCAGGACAcaacctctgatagtggccctagetgagegecccaggetecat
ttgtttgatggggagectagtggagttcagaagggtetggtcteccctcacaggacagetgaacacccaceggg
actGGCCAGTGTTGAGAGGCGGAGACTTGGGCAATTGCTGGAGGCTGGCCTGGGCATTGCACTTGTCTCGGTC
TGACAGTGCCGGCCcaacactgcagatgtgggggggcagggaggagtecccatttttgttcaatgagtaggcea
aatgtggettgeccaggeottgaagetggagcaaagaa

694

miR-301b-130b

cgggotggaatcccgtetgttctecgagettggatagatgteccacccacccatggtggttgaatttccageg
cagccctgegtgcagegagggegatggal TTCCTGCTGGCTGCGGGTGCTCTGACTAGGTTGCACTACTGTGC
TGTGAGAAGCAGTGCAATGGTATTGTCAAAGCATCTGGGACCAGCCTCGAAGaccacctcacctactgttect
tettteottecctttccaggectggeccctecaggectgeaggecgtacccteccectgeteattttactetett
ctccatggaaacttgagattgtagecaggeccgtgtetetggggtcagagggcatcctttgetcaggecgagg
ctcegeccaggtgggcatgegttctaggtctaagatcccactccagecaccccaactccccatgecccegecce
accccgtgagactgacaGGCTTGTTGGACACTCTTTCCCTGTTGCACTACTGTGGGCCTCTGGGAAGCAGTGC
AATGATGAAAGGGCATCTGTCGGGCCagectaaggagectgaggaacaaaagggtcagtgettggatcatagte
ttagatagagatagctatctctagctaaaaggataaggtggatgctgagaacca

638

miR-337-665

tggetggectttggtttecttectectaacactaagecctgggagtetgtectacctgttgtotgtgettotty
cettgetttttcaggagaggagggtccCAGTGTAGTGAGAAGT TGGGGGGTGGGAACGGCGTCATGCAGGAGT
TGATTGCACAGCCATTCAGGTCCTATATGATGCGTTTGTTCAGCCCCTTCAaccegcgtgaggectecggacce
tcctecgegeaccttgggecgettagggacgegtcttcagetegetetttteccctggecatgetttetegeca
ttctccacagttcctggaggggaatacceggggctgggccatacctgagatcattcottggcgggggagotat
acccctggtgggacattcecetggggc TGGGCCAAGGGTCACCCTCTGACTCTGTGGCCAAGGGTAGACAGGTC
AGAGGTCGATCCTGGGCCTActctggggctecteccactgggattecaggagecgttetetectggaggtect
ctgaggggacccagectcctagcagaaagggtggatecttgagagatggggtoetttgttactagagecagggeac
agggctgagacagggcagggetgageattaccagtgctcccAGAACAGGGTCTCCTTGAGGGGCCTCTGCCTC
TATGCAGGATTATGTTTTTATGACCAGGAGGCTGAGGTGCCTTACAGGCGGCCGTCTTACTCTetecttgagee
cttectggagacgtctcacctcattcagttcaaactctggatcccctaaggagtgecagaagatecctgttcate
ctccteccaggeeggg

819
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miR-433-127

goctoteotggttccaacatctgoggaagagtgottgtgtgtcaccttcagetggecatcteccataacaccaaaa
ttgaagtgtgagaagaagaagacccaaTGCCCGGGGAGAAGTACGGTGAGCCTGTCATTATTCAGAGAGGCTA
GATGCTCTGTGTTGAGAAGGATCATGATGGGCTCCTCGGTGTTCTCCAGGTAGCGGCACCACACCATGAAGGC
AGCCCggattggaaggatcctcatctccactegagggtactccacctccattgtagagagggetcttgaatag
aaagcacaggtagatttottgecagtttegtegteggttitggaccagggaggcagacaggaatgacccagtga
tgtetgtttccaagtagaatgggttctgaggcttagggtgatagagaacgggegacttgeggaaagecctett
cagggattccaaggectoctgetectettctecccagtagtagggctetgaactcagecagttgtctecactagg
ggtgctgegatgacagegaagttctccacgaagtggegatagggatagacaaggtcaatcacactttgaagac
acctcctgetgecagggacagggcaccccacgatgaggttcataaggttcttgttcagtttcaccectttggg
ggatatgttgaagcccaagatttcageggtctggegatggaactgagttttgtccagtgaacagtagatgttg
tgataccgaaagcggaccaggacttggcggacatgetgggagtgttectectggetcattgagtagaccagga
cctctcotgecatggcaaatcacaaacaaccctaggatgtcttttaggatgaagtgaacaatgttgttcecttce
gtcagagtatgagttcattgtgaagggccggtagecatctcatectggtgaaggeccgaaaccgaacgatgetete
caagtgtcttccgtgtgtgtgaccgtgtgcctcatctcactttccttaatcccaagecagetccagttttgtga
accatgccgetccatgtagetggtcegaatagetetggtaccatetgegtgtagtettgtetgtcagtcageat
gtcatacagtatccagtattcctcttgeotecectggetttectettgetgectggetttctettgcatectggeg
ctcacaggttccaaagtctctegggecccagactegtaaaagacgeecgetttgatcactgtctCCAGCCTGCT
GAAGCTCAGAGGGGTCTGATTCAGAAAGATCATCGGATCCGTGTGAGCTTGGCTGGTCGGaagtctcatcate
tgccteocctegggttaaacacgteggecaggtctgagtatgtegtgtggcaatccgggcagtaggettatgety
tatgtctctagtge

1401

miR-434-136

miR-411-299

tcacttaactccgggtttgaatcatagettgactccttttgtgaaccatcgetggactectggtttgaaccac
cgettgactccaggttggaaacatcgc TCGACTCTGGGTTTGAACCAAAGCTCGACTCATGGTTTGAACCATT
ACTTAATTCGTGGTTTGAACCATCACTCGACTCCTGGTTCGAACCATCatcacttgattcctccatgtetteg
ggtagatcgttagatgatgcctcacaggggtegetggatggetectecacttcccggagtagatcagtgggta
gotettgeattteoctggtaggggeccactggatggctecteccacttcccggagtagatcagtgggtagetette
catttcctggtaggggccactggatggctectecacttcccggagtagatcagtgggtagetettgeatttece
tggtaggggccactggatggetectecacttcccggagtagatcagtgggtagetettgeatttectggtagg
ggecactggatggctectccacttecccggagtagatcagTGGGTAGCTCTTGCATTTCCTGGTGGGGGCCACT
GGATGGCTCCTCCACTTCTTGGAGTAGATCAGTGGGCAGCTcttgecatttcctggtgggggccactggatgge
tcctccacttcttggagtagattagtgggcagetcttgeatttecttgagggggeccactgggtggetectttt
ctteotgggctgggccactatectgageccgectgggectcaacctgggectcaacctgggcttcagectgage
ctecegectgggectcocacctgggtetecgectgggectecgectgggccecetgectgggecceegectgggct
ccactgetgectggtgtetettcaacggtgttggatgageccctcgGAGGACTCCATTTGTTTTGATGATGGAT
TCTTAAGCTCCATCATCGTGTCAAATGAGTCTTCagaggettctatcatgtegteggttggaaaggagtgtec
tctgaagactggtaagattgtgatgtgtgtggtcagagaccgcaactgtggagaccaaaac

atgcatgctttgtgeccagecagactcaagattccaccagetcaatggeccagagggettectggacgtgece '

tcagcctttgtecteggegtetetgtgTGGTACTTGGAGAGATAGTAGACCGTATAGCGTACGCTTTATCTGT
GACGTATGTAACACGGTCCACTAACCCTCAGTATCAaatccatccccgaggeccctggagaagatgetgtett
cggggagacgccagtagactcatcatcagggettcteccatgatgetggaagagatggttttcaatatggegte
tgttetttectgecatgatgggaaatgacataatctecccccttectetgetgagetetgecttgggaactotty
ccatctctggggaggagaccacaaagetttctgggatcagtgctettecgtgacctcagtgacaggggtgteta
ggcgactcttggttagtagactccatgacctgettcttctcaacaccateccctgaagaggtgtectgaggcaa
cctggcagacatgaaccttcttacagetgtecttgetgtcacgeggtacttgAAGAAATGGTTTACCGTCCCA
CATACATTTTGAGTATGTATGTGGGACGGTAAACCGCTTCTTggtatccageccagecatccagtecatacca
tcctcgagcaagectgaagtgagagaagaaacgttgttttggettgctetetacatecgggetgettgge

1083

726
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miR-380-329

tggtggtetettttcaacattgecatctagggtttcctggaagtgataatcatgaggaaagaagecagetocty
caccaccctctetccatggtacctgaaAAGATGGTTGACCATAGAACATGCGCTACTTCTGTGTCGTATGTAG
TATGGTCCACATCTTctegttatcaaagtcattcgtgagggttttccagagaccgagecaacttcatgggaga
tatcctgtectggettcagecacagtacttggggagatggtagactgtegagtegtgtgegttaattccageatg
tacagcatggtccaccacatctctgecatcagecggtcaccaggggctttctgaaagecataccaattgagagt
agggctcaggeggecagaccctatccaacacagattacccagtgettggetacaggecatgttcattacctacg
actctggeccatttgatccaaageccaatatttggecacccageccagecttacagggcatectggaagtcatagt
ggcattaaacatgagtttgtggcocattgecacacatgecgattgetggtagtttgtgacactcattgagaagg
cattttggaggtaacaccaaattaagtaaaGTGAGCTGGAATCAGCCAGCGTTACCTCAAGGTATTTGAAGAT
GCGGTTGACCATGGTGTGTACGGTTTATTTATGACGTAGGACACATGGTCTACTTGTTCTCAATATCACATCT
CGCCttggaagacttccaggaggtgacatctgctttgaggaagagecagtgteceggtettectactgetget
gcTTGGTACTTGGAGAGAGGTGGTCCGTGGCGCGTTCGGTTCATTTATGGCGCACATTACACGGTCGACCTCT
TTGCGGTATCTAATCccgecttgegagetttectggagetaacaccagetgtggggtggggacactaaatgty
tgtgetagegecaacccagecagegggtttgtettttettgtgtectgacaataactettgtgtggeagecttet
tctcagcaaatttctetggettggecagettegtgggcagggtgacttgcagaccaggaaagtggeategacat
gtgatacacgtgTGGGTGCGTGAGGTGGTTGACCAGAGAGCACACGCTATATTTGTGCCGTTTGTGAGCTGGT
CCAGTAACCCTCAGTATCTAaccttcccttggagaacttcctggaagagatctcaacttttggggacagaggc
aataagccagctgtacgetgttagacttggagacagcatcctcagtacttgcaacatatgtgectgttatggt
agtattggatgggcttccaatgetgtectatacttggatecccttccttgatatggggccatccaagttcaaga
aacgtaccatgttgtcagacatgaccagggtgtgtgtatgecatttatatatggecacaggtcgeaggtcacct
tagcacacttgcatgctaaatctgtgggaggaatcatetttggtttgeggggcatetgtgectttotgtggtta
cccaaaatggtggtaagtcctatagecagtctcetactgegecactgetetetggttgtgacataacttcagga
tcatgeccatggaggtcotgetgtactggggcatgtgatgggatggctgtcagatatatatcaactaatggetty
cttgagcactttgactaacatccagtgtgcaaccctgcattcaacaggectgccaggtetgaaggtcacgttg
gggaattaccgaggtagtcttegtcagTGTTCGCTTCTGGTACCGGAAGAGAGGTTTTCTGGGTCTCTGTTTCT
TTGATGAGAATGAAACACACCCAGCTAACCTTTTTTTCAGTATCAAATCCcatcttggaggcttegtgeteca
gatcccagtctcagggaaggatggtcectgtcagecatccagecaggggacaggaataactggttctccacaaag
ccagegagt

1980

miR-494-1193

miR-666-543

aggggttttggttgctetccagggcccacagaagecagacacttctgacaaggecacctggecactttccagetge
ctttgtttgetttotgaccagtgctaal TGATACTTGAAGGAGAGGTTGTCCGTGTTGTCTTCTCTTTATTTA
TGATGAAACATACACGGGAAACCTCTTTTTTAGTATCAAatcccaccetgggggcactecctgtecctgatga
cgecttcagggaagggacctggactgetgttcoctggactetgggacatgggacatgggagtatggecatcagg
actcagccctggaaggaaagtcatttgaagaagggacagggtccccgtggtggectgaggctacteccCTATGG
CTTTGGACTGTGAGGTGACTCTTGGTGTGTGATGGCTTTTCAGCAAGGTCGTCCTCACAGTAGCTATAaggac
gtgccagcatcgtgaCTGAAGGGACAATGATGCCCACTGTTCTCGGGGTAGCTGTGTGGATGGTAGACCGGTG
ACGTACACTTCATTTATGCTGTAGGTCACCCGTTTTAGCTATCCACCAACACCCAGACCATCTGtgggaagaca
ccttggtgcacacggcagetatgaagaagatgttggtggggttgaggeccagegtgaaactaaaatatttcaag
cagagttagcttttaag

tgggaagcaaagtcaggattattatatcattctetgatgtttgaggagactccaaagacctccccaaaggatg '

accaatccaaagcctgtctacaagatcCTGATTCTGCCTGCGTGGAGCGGGCACAGGTGTGAGAGCCCCCTAG
GTACAGCGGGGCTGCAGCGTGATCGCCTGCTCACGCACAGGAAGTGACGACAGeggtactcaagccacaggaa
gtgacgacagcggtacacaagtggtacacagggttccatgetgetgacgtacggTGCTTAATGAGAAGTTGCC
CGCGTGTTTTTCGCTTTATATGTGACGAAACATTCGCGGTGCACTTGTTTTTCAGCAtcctattctacgttga
agacttcgggggttcaactacttactgacttcagggaageccatgttagtctaggaaagtagtctatgtagtga
goctgggttgtgtgagttta

674

458

20



miR-654-300

tatgtttgetggtcaatctgatgggtttgectgagttttgagtctcatgtgettcctgggtgacatgatccac
cagggagatgaggctgggcgecagtgecctcCTCGGTAAGTGGGAAGATGGTAAGCTGCAGAACATGTGTGTTT
CTCATGTCATATGTCTGCTGACCATCACCTTTGGGTCTCTGectgtggagecagettggcacagaggecgagg
cgectttcaacattetgtttectetgectgagaageggggatttttttttttttttttgtettgtaateotgtt
tcagatgagccaagcagcaagectggtcctteccggaactcagtccttcttTGGTATTTAAAAGGTGGATATT
CCTTCTATGGTTACGTGGTTCCTGGATAATCATAGAGGAACATCCACTTTTTCAGTATCAaatgtegctoteg
aactatttctggaagattctgtagggtotggggctgggegggaagatcatgtaataatgagtggegegtegece
agaaatggccttaagaagccaactgagtgttagtctgatectgggtcetgatataccgectetttgggeageete
ctcactctgecccagtggacttccatttcotgtcgacacaagcacaagectcacageatcctggategagttgttc
tttgatattTAAAAGGTAGATTCTCCTTCTATGAGTACAATATTAATGACTAATCGTAGAGGAAAATCCACGT
TTTCagtatcaaatgctgcttgggaaaccaccgaggacatgacatcttcaccgaagaaagegtgctateegte
gtettcctgggcttggeggggatagatagatttgtgacttgtgtgatgtegtgcctatatgccagectetecca
gtgatgtgttctgagaccactgtgttctttatatcccttctetgacctcaaatgaagttgtttetetgtgtec
tcaccatgtgtatgttttctggagteggettettttttotgtagegatatgtettggagageteotgggtege
ccatcattttgggtaagggcgecttgggtaaccctttggggeetetgcggagaagggggeggcatgtgaateat
ctggaagtgtaacctccaaatgtgecccoctcaggetcacateccggaccgtcategeatetgtecategeacegg
accagctctccccagegetocttatcgtttGCTACTTGAAGAGAGGTTATCCTTTGTGTGTTTGCTTTACGCG
AAATGAATATGCAAGGGCAAGCTCTCTTCGAGGAGCaaatgcetgectggaageatggctggeggeggeotgeg
cctagcagaagggtgtggtctctccagggtaagtaaatgecatggtgggccaccgagettgagetectte

1383

miR-381-539

tgtaattggetgattccgaatctceccatcateecctecccaggetaagtcccaggagacgaggetgacceogty
aatgctagagcggaacctgecccatgetattgtttggTACTTAAAGCGAGGTTGCCCTTTGTATATTCGGTTT
ATTGACATGGAATATACAAGGGCAAGCTCTCTGTGAGTAtcaaaccttatcttggatcecgtccacactcage
gagggatgtggtatgtgtgtgcatgacogtgtgtatccatcttgtgtgtgacaaactgettectgggtttect
ttatgcaccaacggettcatgggegcaagatgacttcaggaaagacctegggtacateccccteteocttgteca
tatgggttggtcccaaagecatgetctetgtgtgtagectegggtecctgctttcccaggctgatggtcaggtet
gtgctggtetgggocogttgttttttgatgtgetgccgtgecgtggtacccaagtgtgecatgttottgettggt
gtgtgtgacccagtcetgeotaacgectcagegtctaattegtecccaggaccctacctggaagacgtageacgte
tacctgaggeggtggetttgctttccaggeegagett TGGTACTTGGAGAGTGGTTATCCCTGTCCTCTTCGC
TTCACTCATGCCGAATCGTACAGGGTCATCCACTTTTTCAGTATCAagtgcgcagactctgecageetggettce
ctgegectggatectgecactgecacttecccatcacacatccttggacaagggtgtegecgtgttatgotect
tgtetogtgtgtcactegegagtectettggggtccaatgcatatggetetogggggctgggagagatcagge
tcttgtagggactaggctcattattgaccatgtgccageccaaacttttgtetgetgggagetgactgetegge
agctatgatggtgatatacaaacctctocttggatttgggageccatgttgagacagacattctetgtcagte
atgtgagtgggtgttggagcttagagtttgtgetggacttacaaggtggtgettgtgactcggeagtgacate
atttctgtagcagcttctagaacagaagaccccatgecgggggtcagecagggccacccacaatgettgeteca
cttaagatggacactgcctggettettgaccccagecaccattacccttagaagaggctaacgtgaggttgte
atgctgagtcctggggagtcatttctatagectetcacctecctggtgettagaatggecatcagtagtactg
catgcatggtgcatgtatgtattgggtgcagecacgtgtgaggagtggtgatcactcccaagaggcctatgga
tgetggtattectgetgtgctactegtttcaTACTTGAGGAGAAATTATCCTTGGTGTGTTGGCTCTTTTGGAT
GAATCATACAAGGATAATTTCTTTTTGAGTAtcaaatactgccctggtggacttecgggatgacgagacggtt
gtttaaagaggtgcctggtgcatgatgecatgggttagecttacctgggcacaaggeaa

1591
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miR-382-485

cactcagcatccaatctgectgoaggttggtggttggaaaccatageccttggagaaatggaaggggeocttt
gtetgtettgtototgettttotegtegTACTTGAAGAGAAGTTGTTCGTGGTGGATTCGCTTTACTTGTGACGG
AATCATTCACGGACAACACTTTTTTCAGTAccaaatgctacctctaaggatttcctggacatgatggeaactt
gcagaaagatggeggttcagtcaagetggtagagaageccaagtatggatgtttggccacggacagtgtgettg
agctagectgtaagtcacctggtogggttacctgageatetgatccacctgtaggectetcatcagtgggeegt
gecaaccttggtgaggcagetgtggetotgeccccaagtatcagettacaagactttgaaaagaggtcatett
ccggaagagatgttggtgccagecaccattcAGGGTGTGTGACTGGTTGACCAGAGGGGCGTGCACTCTGTTCA
CCCTGTGGGCCACCTAGTCACCAACCCTcagcatcaattccactcaaagaagactttccagagatcctaccaa
gtttggggatatgtcaatggacttgatggetgtgcctgctcagtggaccaggatgaactgtggtcttaggggt
gtatgtttacataagatgccatgaggcatccgtggtagetgetgeatcactgtcacagectecttgaaatgtt
gacttcagatgtggacatgatgttgacttcccatgagggacctgaagtcccttctotectgggtegtgtgacte
aattgtactttactaagcatgtgcctgtgccttacttatctgatggatctatecttccagttgtctaacctcaa
tatcctgtctctacaggagagtctgtgagatgataccaacctctagaagecaggeatggttgteccgacatege
cacactaccacaggagcttccagaatacattctcttcatggaaactgtggaaccacgecccctetggtccagg
aggactaaccagattcaaggctatcaccatcccccttcaGGTAAGTGTGCCTCGGGTGAGCATGCACTTAATG
TAGGTGTATGTCACTCGGCTCGGCCCACTACCcaatgetgteccaccecttcttcacaggacagtggaageag
ccaccttttcgagagagtcgatgtgttcttcaccagtgttcttcgccagtgatcatgtgtgat ACTTGGAGAG
AGGGTGGCCGTGATGAATTCGATTCATCTAAACGAGTCATACACGGGTCTGGTCTGTTCTAGTgtcaaactct
gcctcagaggtcettctcaagecactactgttcccaaggtgggtttetggatggetaaacccatgtcaagtgcce
tttatccaattgtatat

1404

miR-409-410

gcotecctcactgaatggggagttataatctetgaggggctccaggatggttcttctggaaactcagecategge
ctegttctgageatecgagectctccgTGGTACTCGGAGAGAGGTTACCCGAGCAACTTTGCATCTGGAGGAC
GAATGTTGCTCGGTGAACCCCTTTTCGGTATCAaatccctccagggaggecacctcagggaagaccatggact
catctcgetctgGGGTATGGGACGGATGGTCGACCAGCTGGAAAGTAATTGTTTCTAATGTAGTTCAGCTGGT
CCACTAGCCGTCGGTGCCCgctgcagectgegeccaggatgtcacagectcagetcaacacctctgctGGTAC
TTGAAGGGAGATCGACCGTGTTATATTCGCTTGGCTGAGTTCGAATAATACATGGTTGATCTTTTCTCAGTAT
Caacgctcagecttggagaagetcottggagttgcageecectgtggggetggggacageatggtgetteotaggtt
gotgoctecgeggggaactgggotgggteggaacaggetgtgtgetgectgtgtcaaccctactcaccatttat
atgcaatcccccccttecccccaggacagettcaggtggtgattccagetecagggttgetgeggtcaacact
GGGTACTTGAGGAGAGGTTGTCTGTGATGAGTTCGCTTTATTAATGACGAATATAACACAGATGGGCTGTTTT
CAATACCAcctgecactceggtcactcggeagtacataccaggtgtcacaccactgeceggtaggtaaatgca
tggactctgtatgacgettgtcacccectettcac

838
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Table S3. Candidate direct targets of miR-17 identified by the proteomics analyses.
Fold change (relative to p0-CT)

IPI Gene symbol p0-OE p2-CT p2-OE p2-OE/p2-CT p0-OE/p2-CT
IP100409360.3 | Acox1 1.32 9.29 3.77 0.41 0.14
IPI00120165.1 | Crot 0.48 1.33 0.54 0.41 0.36
IPI00121833.3 | Acaala 0.55 1.15 0.54 0.47 0.48
IP100454049.4 | Echs1 1.61 3.34 1.58 0.47 0.48
IPI00115607.3 | Hadhb 0.77 242 1.22 0.51 0.32
IP100889843.1 | Abca1 1.19 1.87 0.95 0.51 0.64
IPI00877214.1 | Peci 0.96 2.00 1.11 0.55 0.48
IPI00310567.2 | Pon2 0.89 1.21 0.69 0.56 0.73
IP100222935.3 | Itgb8 1.07 1.66 0.95 0.57 0.64
IP100228645.5 | Pfn2 1.63 3.08 1.75 0.57 0.53
IPI00134680.2 | Saal1 0.89 1.02 0.59 0.58 0.87
IP100323114.3 | VIdIr 2.15 6.67 3.87 0.58 0.32
IPI00387379.1 | Decr1 0.91 2.23 1.32 0.59 0.41
IP100828615.1 | Lamp2 1.56 2.73 1.61 0.59 0.57
IP100225337.5 | Rbp1 0.74 1.69 1.04 0.61 0.44
IP100315187.5 | 2400001E08Rik 1.14 1.57 0.96 0.61 0.72
IPI00122633.3 | Acsf2 0.76 2.38 1.46 0.61 0.32
IP100896710.1 | Erbb2ip 1.21 1.54 0.97 0.63 0.79
IP100627008.2 | Ptprz1 1.84 5.11 3.28 0.64 0.36
IP100222419.5 | Cycs 0.70 2.56 1.64 0.64 0.28
IPI00117986.3 | Slc12a9 2.61 5.25 3.40 0.65 0.50
IPI00113517.1 | Ctsb 1.31 2.54 1.64 0.65 0.52
IP100169862.1 | Coq9 1.31 2.01 1.32 0.65 0.65
IP100169916.11 | Cltc 1.63 5.81 3.87 0.67 0.28
IPI00125035.1 | Ak4 0.41 1.43 0.98 0.69 0.28
IP100968403.1 | Spna2 0.88 413 2.86 0.69 0.21
IP100223875.1 | Asrgl1 0.40 242 1.67 0.69 0.17
IPI00130118.1 | Rab10 2.70 4.53 3.13 0.69 0.60
IPI00654420.1 | Prosc 2.40 3.28 2.27 0.69 0.73
IP100112346.1 | Mapk14 2.86 3.16 219 0.69 0.90
IPI00458393.3 | AtI3 1.39 1.66 1.17 0.70 0.84
IP100755997.2 | Golga2 1.45 2.03 1.46 0.72 0.71
IP100228583.5 | Mtpn 1.1 1.60 1.15 0.72 0.69
IP100318841.4 | Eeflg 0.82 3.84 2.81 0.73 0.21
IP100648685.1 | Ppp1r8 1.15 1.16 0.85 0.73 0.99
IP100884460.1 | Prkca 0.90 413 3.05 0.74 0.22
IPI00405742.6 | PIxnb2 1.72 1.91 1.41 0.74 0.90
IP100453582.2 | Grsf1 0.98 1.12 0.83 0.74 0.88
IP100119024.3 | Arl6ip5 0.71 1.00 0.75 0.75 0.71
IPI00407499.1 | Abat 1.56 7.59 5.70 0.75 0.21

Forty genes that encode mRNAs with complementary regions to the seed sequence of
miR-17 were downregulated in miR-17-expressing neurospheres at the p2 stage. CT:
control (miR-LacZ); OE: miR-17 overexpression; p0: stage p0O neurospheres; p2: stage
p2 neurospheres; IPI: international protein index.
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Table S4. Candidate downstream effectors of Coup-tfs identified by the microRNA array analyses
(microRNAs whose expression levels were more than 2-fold higher in p2-CT neurospheres than in

p0-CT neurospheres and less than 0.75-fold lower in p2-KD neurospheres than in p2-CT

neurospheres).

Fold change (relative to p0-CT)
microRNA pO-KD p2-CT p2-KD p2-KD/p2-CT
mcmv-miR-m01-2 1.99 4.09 0.20 0.05
mghv-miR-M1-8 2.87 9.95 1.00 0.10
mmu-miR-34c* 2.33 2.07 0.40 0.19
mmu-miR-9* 0.76 2.79 0.72 0.26
mmu-miR-132 0.72 3.69 1.15 0.31
mmu-miR-190b 1.13 2.41 0.79 0.33
mmu-miR-302c* 1.00 3.06 1.00 0.33
mmu-miR-21 0.89 2.81 1.10 0.39
mmu-miR-195 1.02 3.90 1.52 0.39
mmu-miR-24-2* 0.59 4.96 1.96 0.40
mmu-miR-497 1.06 4.62 1.87 0.40
mmu-miR-222 2.15 3.89 1.63 0.42
mmu-miR-486 1.21 2.16 0.92 0.43
mmu-miR-133a 1.93 2.33 1.00 0.43
mmu-miR-22 0.76 3.22 1.46 0.45
mmu-miR-302b 1.51 2.06 0.96 0.46
mmu-miR-146b 0.87 3.26 1.55 0.48
mmu-miR-128 0.84 215 1.16 0.54
mmu-miR-22* 1.00 12.76 7.46 0.58
mmu-miR-29a 0.87 2.89 1.79 0.62
mmu-miR-676 0.85 2.78 1.76 0.63
mmu-miR-326 0.89 2.24 1.45 0.65
mghv-miR-M1-6 1.72 2.60 1.73 0.67
mmu-miR-138 0.93 2.29 1.59 0.69
mmu-miR-214 0.77 11.58 8.06 0.70

CT: control (shRNA-Control); KD: knockdown of Coup-tfs (shRNA-Coup-tfs); p0: stage

p0 neurospheres; p2: stage p2 neurospheres.
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Table S5. Candidate downstream effectors of Coup-tfs identified by the microRNA array analyses
(microRNAs whose expression levels were less than 0.5-fold lower in p2-CT neurospheres than in
p0-CT neurospheres and greater than 2-fold higher in p2-KD neurospheres than in p2-CT
neurospheres).

Fold change (relative to p0-CT)
microRNA pO-KD p2-CT p2-KD p2-KD/p2-CT
mmu-miR-106b* 1.21 0.05 1.08 21.40
mmu-miR-224 1.30 0.11 1.59 13.80
mmu-miR-431* 1.02 0.11 1.17 10.18
mmu-miR-666-3p 1.20 0.25 1.71 6.76
mmu-miR-1193 1.23 0.20 1.31 6.64
mmu-miR-20a* 0.98 0.10 0.62 6.17
mmu-miR-18a* 1.33 0.09 0.52 5.52
mmu-miR-708 1.30 0.19 1.01 5.44
mmu-miR-452 0.97 0.09 0.48 5.11
mmu-miR-154* 0.98 0.32 1.56 4.83
mmu-miR-301b 1.01 0.07 0.31 4.56
mmu-miR-409-3p 1.06 0.25 0.96 3.79
mmu-miR-369-3p 0.76 0.27 1.02 3.71
mmu-miR-376¢ 0.88 0.31 1.11 3.58
mmu-miR-17* 1.01 0.18 0.65 3.58
mmu-miR-377 0.94 0.25 0.89 3.51
mmu-miR-124* 0.70 0.06 0.19 3.50
mmu-miR-18a 0.86 0.10 0.34 3.39
mmu-miR-25 1.04 0.23 0.77 3.29
mmu-miR-130b* 0.96 0.19 0.61 3.18
mmu-miR-543 0.97 0.33 1.03 3.12
mmu-miR-450b-5p 1.08 0.22 0.67 3.01
mmu-miR-301a 0.99 0.19 0.58 3.00
mmu-miR-431 1.01 0.20 0.59 2.98
mmu-miR-7a* 0.81 0.36 1.06 2.98
mmu-miR-92a 1.14 0.16 0.48 2.95
mmu-miR-411* 0.92 0.29 0.84 2.88
mmu-miR-181d 1.00 0.50 1.43 2.87
mmu-miR-744* 1.04 0.23 0.64 2.84
mmu-miR-541 0.79 0.24 0.68 2.79
mmu-miR-130b 0.94 0.13 0.37 2.77
mmu-miR-423-3p 1.83 0.25 0.69 2.74
mmu-miR-495 0.95 0.38 1.05 2.73
mmu-miR-20b 1.04 0.12 0.33 2.72
mmu-miR-337-3p 0.86 0.40 1.08 2.72
mmu-miR-20a 0.95 0.16 0.42 2.69
mmu-miR-106b 0.95 0.28 0.74 2.68
mmu-miR-135b 0.76 0.26 0.69 2.64
mmu-miR-335-3p 1.02 0.14 0.38 2.62
mmu-miR-299* 0.88 0.27 0.71 2.60
mmu-miR-93 0.92 0.28 0.72 2.60
mmu-miR-342-5p 1.00 0.42 1.08 2.58
mmu-miR-323-3p 0.96 0.50 1.26 2.53
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mmu-miR-805
mmu-miR-380-3p
mmu-miR-433
mmu-miR-325
mmu-miR-466g
mmu-miR-540-5p
mmu-miR-379
mmu-miR-153
mmu-miR-17
mmu-miR-337-5p
mmu-miR-19a
mmu-miR-216a
mmu-miR-670
mmu-miR-298
mmu-miR-15b
mmu-miR-299
mmu-miR-329
mmu-miR-19b
mmu-miR-103
mmu-miR-196a
mmu-miR-744

1.35
0.98
0.92
0.83
1.05
0.52
0.83
0.81
0.96
0.95
0.82
0.85
0.94
0.94
0.92
0.75
0.89
0.89
0.91
1.05
0.99

0.47
0.45
0.45
0.33
0.16
0.29
0.49
0.41
0.18
0.50
0.15
0.13
0.27
0.38
0.27
0.16
0.49
0.22
0.36
0.40
0.48

1.17
1.12
1.09
0.80
0.39
0.67
1.14
0.95
0.41
1.12
0.33
0.29
0.60
0.84
0.58
0.34
1.04
0.47
0.75
0.81
0.96

2.48
247
242
2.41
2.35
2.33
2.32
2.32
2.28
2.26
2.25
2.24
2.21
2.20
2.20
213
2.10
2.10
2.07
2.03
2.03

CT: control (shRNA-Control); KD: knockdown of Coup-tfs (shRNA-Coup-tfs); p0: stage

p0 neurospheres; p2: stage p2 neurospheres
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Table S6. Nucleotide sequences used in the knockdown constructs.
Name Sequence

shRNA-Control ACTACCGTTGTTATAGGTGttcaagagaCACCTATAACAACGGTAGT
shRNA-Coup-tfs | GTCGAGCGGCAAGCACTACttcaagagaGTAGTGCTTGCCGCTCGAC

shRNA-p38 GGGCTGAAGTATATACATTCGgagaCGAATGTATATACTTCAGCCC
shRNA-hp38 GGCAGATCTGAACAACATTGTgagaACAATGTTGTTCAGATCTGCC
miR-LacZ AAATCGCTGATTTGTGTAGTCgttttggccactgactgacGACTACACATCAGCGATTT
miR-Onecut1 AGAAGTTGCTGACAGTGCTCAgttttggccactgactgacTGAGCACTCAGCAACTTCT
miR-Onecut2 TGGTGTTGATCTCTTCCAGCTgttttggccactgactgacAGCTGGAAGATCAACACCA

TuD-miR-LacZ catcaacGAGTACACAAAgtatTCAGCGATTTcaagtattctggtcacagaatacaacGACTACACAAAgtatTCAGCGATTTcaag
TuD-miR-17/106 | catcaacCTACCTGCACTGTaatcAAGCACTTTGcaagtattctggtcacagaatacaacCTACCTGCACTGTaatcAAGCACTTTGeaag
TuD-miR-17* catcaacCTACAAGTGCCCaacaTCACTGCAGTcaagtattctggtcacagaatacaacCTACAAGTGCCCaacaTGACTGCAGTcaag

shRNA-p38-1 GCTGAATTGGATGCACTATAAgagaTTATAGTGCATCCAATTCAGC
shRNA-p38-2 GGTCACTGGAGGAATTCAATGgagaCATTGAATTCCTCCAGTGACG
shRNA-p38-3 GCAAGGTCACTGGAGGAATTCgagaGAATTCCTCCAGTGACCTTGC
shRNA-p38-5 GGCTCGGCACACTGATGATGAgagaTCATCATCAGTGTGCCGAGCC
shRNA-hp38-1 GGGCAGATGTGAACAACATTGgagaCAATGTTGTTCAGATCTGCCC
shRNA-hp38-2 GGTCTCTGGAGGAATTCAATGgagaCATTGAATTCCTCCAGAGAGC
shRNA-hp38-3 GCAAGGTCTCTGGAGGAATTCgagaGAATTCCTCCAGAGACCTTGC
shRNA-hp38-5 GGCACACAGATGATGAAATGAgagaTCATTTCATCATCTGTGTGCC
miR-Onecut1-1 TGGTATTGATCTCTTCCATCTgttttggccactgactgacAGATGGAAGATCAATACCA
miR-Onecut1-2 TAGAGTTCGACGTTGGACGTCgttttggccactgactgacGACGTCCAGTCGAACTCTA
miR-Onecut1-4 CATTCAGGTGGGCATGAGGATgttttggccactgactgacATCCTCATCCACCTGAATG
miR-Onecut1-5 TTACTTCCATTGCTGACCTGCgttttggccactgactgacGCAGGTCAAATGGAAGTAA
miR-Onecut2-1 TTCCATTGTCAGCTCCGGGTTgttttggccactgactgacAACCCGGATGACAATGGAA
miR-Onecut2-3 TTTGCATGCTGCCAGGCGTAAgttttggccactgactgacTTACGCCTCAGCATGCAAA
miR-Onecut2-4 TGAAGATGGCGAAGAGTGTTCgttttggccactgactgacGAACACTCCGCCATCTTCA
miR-Onecut2-5 AGAAGTTACTGACAGTGGTCAgttttggccactgactgacTGAGCACTCAGTAACTTCT
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S| Materials and Methods

Identification of microRNA (miR)-17/106.

Of the 43,379 probes screened by the microarray analyses, the expression levels of 952 met three
criteria: (1) more than 2-fold higher in pO (p0-CT) neurospheres than in p2 neurospheres (p2-CT); (2) less
than 0.5-fold lower in Coup-tf-knockdown (KD) p2 neurospheres (p2-KD) than in pO-CT neurospheres;
and (3) more than 2-fold higher in p2-KD neurospheres than in p2-CT neurospheres. These candidate
genes were then further restricted to transcriptional regulators by using the gene ontology annotation of
the DAVID online program (http://david.abcc.ncifcrf.gov/home.jsp). These analyses reduced the total to
150 candidate genes. Sixteen of these candidate genes were eventually identified as direct targets of
Coup-tfs by ChIP-seq analyses.

All 150 candidate genes (S/ Appendix, Table S1) were cloned into lentivirus expression vectors and
functionally screened by lentivirus-mediated overexpression (OE) in embryonic stem cell (ESC)-derived
neurospheres. These screening procedures identified Onecut1/2 as a positive regulator of Isl-1-positive
neuron production. No critical regulators of the neurogenic-to-gliogenic neural stem/progenitor cell
(NSPC) transition were identified by this process.

The expression levels of different miRNAs were compared using miRNA arrays. Of the 674 miRNAs that
were originally screened, the expression levels of 25 were more than 2-fold higher in p2-CT neurospheres
than in p0-CT neurospheres and were less than 0.75-fold lower in p2-KD neurospheres than in p2-CT
neurospheres (S/ Appendix, Table S4). In addition, the expression levels of 64 miRNAs were less than
0.5-fold lower in p2-CT neurospheres than in p0-CT neurospheres and were more than 2-fold higher in
p2-KD neurospheres than in p2-CT neurospheres (Sl Appendix, Table S5). Of these candidates, 83
miRNAs were highly expressed and were analyzed further. These 83 miRNAs included miRNA clusters
and parts of miRNA clusters (S Appendix, Table S2).

Finally, these miRNAs were functionally screened by performing lentivirus-mediated OE experiments in
ESC-derived neurospheres. The miR-17-92 cluster and its paralogs were identified as molecular switches
for the neurogenic-to-gliogenic NSPC transition.

Identification of p38.

Quantitative proteomic analyses were performed using the iTRAQ method for miR-LacZ and miR-17 OE
p0 and p2 neurospheres using an AB SCIEX TripleTOF 5600 System (AB SCIEX) according to the
manufacturer's instructions. A total of 2,185 proteins were detected by iTRAQ. Of these candidates, 172
proteins met the following criteria: 1) had either the same or greater expression in p2-CT neurospheres
relative to pO-CT neurospheres; 2) had either the same or lower expression in miR-17 OE p0
neurospheres (p0-OE) relative to p2-CT neurospheres; and 3) had less than 0.75-fold lower expression in
p2-OE neurospheres relative to p2-CT neurospheres. The 172 candidate proteins were then further
filtered by searching for the sequence GCACUUU, which is complementary to the miR-17/106 seed
sequences, with the “HIMAJA” (developed by Hlsashi, MAna and JAmes) program. These searches led to
the identification of 40 miR-17/106 target candidates (S/ Appendix, Table S3). These candidates were
further narrowed down to ten by bioinformatic evaluation with the Ingenuity Pathway Analysis software.
These candidates were then screened by performing lentivirus-mediated OE experiments in ESC-derived
neurospheres. Finally, p38 was identified as the direct target of miR-17/106 that was responsible for
NSPC competence changes.
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