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Figure S1. hnRNP A1 primarily binds to the terminal loop of pri-miR-18a transcripts
with different length of neighboring sequences (A) Footprint analysis of the pri-miR-
18a 73nt/hnRNP Al complex as shown on Figure 1A. Cleavage patterns were
obtained for 5 **P-labeled pri-miR-18a_73nt transcript (100x10° c.p.m.) incubated in
the presence or absence of recombinant hnRNP A1 (100ng), treated with Pb (II) —
lead ions (0.5mM). Positions of selected residues are indicated (B) Footprint analysis
of the pri-miR-18a/hnRNP A1 complex. Cleavage pattern obtained for 5> **P-labeled
pri-miR-18a (100x10* c.p.m.) incubated in the presence or absence of recombinant
hnRNP A1 (100ng), treated with Pb (II) — lead ions (0.25mM and 0.5mM). Analysis

and data interpretation was performed as described in the legend to Figure 1.
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Figure S2. Pri-miR-18a has a high affinity towards hnRNP Al binding.
Phosphorlmager peaks represent Pb (II) — lead ions (0.5mM) cleavage patterns of a 5’
32P-labeled pri-miR-18a transcript (100x10° c.p.m.) in the absence (green lines) or
presence of recombinant hnRNP A1l (100ng) (red lines). When indicated reactions
were supplemented with addition of an excess of cold pri-miRNAs competitor

(500ng) (blue lines). Nucleotides are numbered as described in the legend to Figure 1.
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Figure S3. Structure analysis of pri-miR-18a and pri-miR-18b transcripts reveals a
fine difference in the stem architecture. Cleavage patterns obtained for the 5> **P-
labeled pri-miR-18a (left panel) and pri-miR-18b (right panel) transcripts (100x10°
c.p.m.) treated with: Pb (II) — lead ions at increasing concentrations (0.5, 1 mM), T1,
ribonuclease T1 (1, 1.5 units/ul), S1, nuclease S1 (1.25, 2.5 units/ul; 1 mM ZnCl, was
present in each reaction mixture) and V1, ribonuclease V1 (0.037, 0.075 unit/ml). C,
incubation control (without probe). F and T identify nucleotide residues subjected to
partial digest formamide (every nucleotide) or with ribonuclease T1 (G-specific
cleavage), respectively. Electrophoresis was performed in a 10% polyacrylamide gel
under denaturing conditions. The positions of selected G residues are shown. The
arrows indicate a dinucleotide mismatch in pri-miR-18a and a dinucleotide bulge in

pri-miR-18b, respectively.
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Figure S4. Swapping mutations in the stems of pri-miR-18a and 18b force local
changes in the conformation of the stem loops, without perturbing the rest of the

structure. Condition of analysis and abbreviations are as described for Figure S3.
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Figure S5. (A) Western blot analysis of HeLa extracts depleted of hnRNP Al or
hnRNP L using specific siRNAs. (B) The processing of pri-miR-18a is dependent on

the presence of hnRNP Al. In vitro processing of pri-miR-18a in the pri-miR-17-18a-



19a mini cluster is abolished in HeLa cell extracts prepared using different set of
siRNAs (hnRNP Al-targeted smart pool of siRNAs from Dharmacon). Primary RNA
transcripts were incubated in the presence of either control HeLa extract (lane 2) or
hnRNP Al-depleted extract (lane 3). Lane 1 shows negative controls with no extract
added. Products were analyzed on an 8% polycrylamide gel. The asterisk indicates the
remaining transcript containing uncleaved pre-miR-18a substrate. (C) The processing
of pri-miR-18a is no affected by depletion of hnRNP L. Analysis and data

interpretation was performed as described for panel B.



miRNA genes showing significant conservation of predicted loop regions. In each
case the miRBase identifier is given followed by the chromosomal position (and
strand), the miRBase predicted secondary RNA structure and a diagram displaying
overall conservation throughout vertebrate evolution. Each diagram indicates the
position of the miRNA (red line), predicted loop position (hatched black line), overall
PhastCons conservation score (blue graph) and conservation within available

vertebrate species.
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structure 2

h=a-mir-379

arnac 110 LIS ML ettty L S LB Ll
e T T [ [ [T

QpoOSsSUm
chicken
#_tropicalis
retraodon

hsa-mir-378 chr5:149092581-149092646 (+)

g C uGu ccu
agg CU CUGACUCCAGGUCC a
LeE 0 reeeernnennner e
ucc GA GACUGAGGUUCAGG CAc g
G A --uU aaa
chiS: | 149892558| 149892684| 149p92658|
structure

h=a-mir-373
h=a-mir-373

armadillo

= 1epnant LI I R SRR RS I I
opossUm
chicken
w_tropicalis
tetraodon

hsa-mir-377 chrl14:100598140-100598208 (+)

uu C - A - uuu
gagcAGAGGUUGCC UUG GUGA UUCg c a
PEereeeeeeeer tee teer el
UUUGUUUUCAACGG AAC CACU Aagu g u

-g A A - u uau
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chri4: 188595156] 1595200 138593258
structure
hEa-mir-377

Conservation

armaci 110 0 150 N L0 I ML Bttt St g Nt b et ot LI M
g~ 1 T ————————————— T T | [ W

QpoOSsSUm
chicken
#_tropicalis
retraodon

hsa-mir-376a-1 chr14:100576872-100576939 (+)

u g A C V] --GUA u
aa GU GAUU UCCU CUAUGA cau a
PEEE 0 b neer el Il u
uuuU CA CUAA AGGA GAUACU gua u
(o G C A - Aauua u
chirl4: 18a57655a| 1eas7Eaaa| 1AASTEISE

structure
h=a-mir-375a-1
h=a-mir-375a-1

e ———
e _

mose

rot NN L | M L. B ettt B B ENL tenteniet L | b b L
rapn it J LN L L) ettt Sttt b B B | DLl M
T T ——————— Jr T [ATN_T¥
armacii110 | S, I MLIELILE ettt L .
=1ennant | LI I LI I, 00 RO I JSat L e Attt b Nl .

DRSS
chicken
#_tropicalis
tetraodon

hsa-mir-375 chr2:219574611-219574674 (-)

C - a CCu ¢C C gacC
CC cgcg cgagcc cg acaaa cg C
BE e reeeer e e i
gg GUGC GCUCGG GC UGUUU gc u
c A - Cuu U u gag
cha: 219574688| 219574658| 219574788
structure

h=a-mir-37%

Conservation

et S N I T S Bt Il B | BN b WL
rano it . LI I . IR B L
cioz LI IR Bt | N e
armact 1110 N AL BN N et b L LN
e T T - 1 THl 1]
opossun [N JN WAL N ILILL ettt NN NN LN I | LN LN |

chicken
=_tropicali=s

tetraccon LN LLEN LN _____ SN fE UL . DL (LA BN e

hsa-mir-365-1 chrl16:14310643-14310729 (+)

acc aa ac -———- - uuu

gcaggg aaugaggg uuuugggggca  gau gug  C
feeeer eeeeeer reeeeeeeen (L



cguucu UuUAUUCCU AAAAUCCCCGU cua cac a
--a cg -A AAUa u cuu
ChArle:

structure
h=a-mir-355-1

1451 HboHd]| 1451 H FHH| 14514 0H

mouse

rat £ LI S i | || St et} | M .

rakkit
tog
armad i 110/ L
21epnant NI LIS R L N | 1 I
spossun 1 LILLY, SN LS S Rt || S L L L
W wrew - wry - - 1 T TNt

chicken
H_Tropicalis
tetraodon

Conservartion

L

hsa-mir-331 chrl12:94226327-94226420 (+)

gaguuugguuuu u u U AU Ccaga
guuuggguu guuCUAGG AUGG CCCAGGG C u

teeeeeer eeeeeee eee e c
cgaauccaa cAAGAUCC UAUC GGGUCCC g a

__________ cu C - C CG accaa

chriz: S4225566| S942253556| Q42254 66| S4225450|
STructure
h=a-mir-331

Conservation

rat LI AL S i et etuten || Butent el [ e M

rabh it M aSeinSaietn i Wntaiiate Mt B I St

T ]
armadillo

2 1ephant LML Wi, Sttt i Selni i il i

QRpos=uUm

chicken

®_tropicalis

tetraocdon

hsa-mir-32 chr9:110848330-110848399 (-)

uG U - uu c
ggagaUAU CACAU ACUAAGUUGCAU g gu a

PRLEEEer el ceeeeeennner 1o
CuUUUAUA GUGUG UGAUUUAACgua c cg c

GU - auc g
chig: | 11634530a] 118545350| 116545480
structure

h=a-mir—32

Conservation

|

moL=e

rat ] NN | LI B DI LI L

., - 1 |

o= [l M MRt Sttt B Sl bt ) |
armadillo
ey T T T T T ] 1T T
QposSUm
chicken
w_tropicalis
tetraodon

hsa-mir-31 c¢hr9:21502114-21502184 (-)

gA G C -U gaa
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ggagag GGCAA AUG UGGCAUAGC guu C

PEEEEE LR oee teeeeeer 1l
ccuuuc CCGUU UAC ACCGUAUCG caa u

UA A A Uc 0gg

chirg zi5821a8 21582158 21582208
structure i
hsa—mir-31

rmm——— _ ‘

mouse

rat

Fabhit

oz
armadillo

e lephant
QpossUm
chicken
#_tropicali=s
Tetraodon

hsa-mir-29c chrl1:206041820-206041907 (-)

a - ggc ucc -— u
aca ca UGACCGAUUUC UGGUGUU Cagag c

IIIIIIIII I NN AN e R R
augu gu AUUGGCUAAAG ACCACGA guuuu g

a a --- uuu Ucu u
chirl: zasa415aa] 2eEa41554| zasad41gaal za5a4195a]
structure S

h=a-mir-29c

e _
—— _dill

rat (L AL O L S LA . 0 |}

286 1% B e | I 1 L et ML | 5 MO L. ML

o (ol I it M . L1 1 |

arnacii 110 ELIL I DAt B ) ML AL

= 1epnant (LIASIN N Bl LA ML Bl 88 B i
opossun | LA MUL AL L M S

chicken
H_Tropicalis
Terraodon
hsa-mir-29b-2 chr1:206042411-206042491 (-)
- C G U uuuucc
gaa gCUGGUUUCA AUGGUG CU AGau a
IIIIIIIII FEERERREEE T 1 bl
uUU UGACUAAAGU UACCAC GA Ucua u
G U - - uguuuc
chil: 2058424 08| 286 842458| 285842588
sStructure e

h=a-mir-23abh-2

e _

mouse

rat

rabhit

dog
armadililo

= lephant

[l alu bR
chicken
#_tropicalis
Tetraodon

_L

hsa-mir-29b-1 chr7:130212758-130212838 (-)
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cagga UUUCA Au u
PEERRREED ey veeeer 1t a
gguucUU UGACUAAAGU UACCAC GAUcug g
o] G u -— uuagu
chr7: 15e212758] 158212508] 156212558

structure
h=s-mir-29bh-1

Conseryation

armacii110 . B LN — LS| B Sttt S L 3 1.
ey | TT Ty T ][ __TI
opossun i LI LLLEEL W —LLLS. il Deletentenits) 1 0 Sttt 50 .5 el , I L

chicken
=_tropicalis

tetraodon ——————— i B, ey | | i Sl L N ). L e

hsa-mir-29a chr7:130212046-130212109 (-)

Uuu C ucaa
augACUGAUUUC UGGUGUU AGag u

PEELLRLEEEe e 1l a
UAUUGGCUAAAG ~ ACCACGA Ucuu  u

UcCu - uuaa

chr7: | 15a212656) 15a212166] 1582121548]|
STructure
h=a-mir-29a

Conservation

armadillo

e 1epnant LELANL NELE 1NN I LY A L B . 1 |
opossun LN L1L I nEt e Sttt _ I 0 0 b |

chicken
H_Tropicalis

tetraccon ) Al J 100 I L S e |, L Lt ) W o
hsa-mir-25 c¢hr7:99529119-99529202 (-)

a ug ag G uu G u -- ac
ggcc g uug AGGC GAGAC G GCAAU Gcu gg g

LI T I O O Y A
ccgg ¢ gac UCUG CUCUG C CGUUA Cgg cc wu

c gu AG G uu A - gu cg

chr?: Q95291 64| 995291548 j=i=t=t=l=r=F-]:]| 99529256|
structure

h=a-mir-25

e _

mouse

rat LIS LI I St M L L Mt i |
rabo it L1, 0 LI LD D It M |
102§ LL 1Ll o L 1N N L. ISR | ISt M MY NN I |
armac 110 || HLJON JLIN I LI M M e SRS i |
= 1epnant B L I I LN S BRI i |
opossun B 1 11, JERIN | 0 IS LAt | 1B L R |

chicken

x_trapicalis 2 L B LY L i ] WL LI
RIL ettt | L Ot )

tetraodon
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hsa-mir-22 chr17:1563947-1564031 (-)

u ccC - A u ccu
Cc gag gcaguAGUUCUUCAG UGGCA GCUUUA gu g

III Lee teeeeeeeennnner e ey 1 a
ccg cuc CcguUGUCAAGAAGUU ACCGU CGAAau cg C

u -C G - - acc

chr17: 1565956 1564 @0E] 1564656]|
structure

h=s-mir-22

o _

mouse

rat [N LR IS A! LN LIS N
rabi it N AL L St B I SO Y L
o: N IR Rttt i Bt M e Bl |
arnzd 110 LRSS, Lttt 1L it . B
= 1ephant [N 1L AN S LN | | LB, B
opos=un LINL N IR S0 N L Sl (LM Sutdutelt MR U || Lt WIS LSR8 |
chicken ————— T T Il Wi W1 e

A_Tropicalis
tetraodon

hsa-mir-21 chrl7:55273409-55273480 (+)

u gu A A A ua
gucgg AGCUUAUC GACUG UGUUG cugu

g a
PR e el teeet ey 1o
caguc UCGGGUAG CUGAC ACAAC ggua c c

a uG - C - -u

chri7: S52734aa| SE273454a| sg27350a|
structure
hsa—mir-21

I:‘:‘ﬁsEWM\'IIE":ic“‘-lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

mouse

rat L - S N NS I L
N Wr T T T T T
. —— ——— T T__|
armadi1io T T T
e1epnant L e M e I

QROSSUm

AT F T T T T | T T[T T &

#_tropicalis

retracon ———————__l ol I e el Wl L 1 B

hsa-mir-204 chr9:72614711-72614820 (-)

ggcuacagucuuucu - - ucg u A u gagaau
uca ug ugac uggac UCCCUUUGUC UCCUA GCCU a

feE e e v reeeeeeeer reeer Hl u
ggu ac acug acuug agggaaacgg agggu cgga a
—————————————— cC c u uua c a - ggaagu
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chra 72614788| 72614758] 72614508 72614558|
structure

h=a-mir-284

e _

arnad 110 AL Mt § S I
= 1epnant | MEEESL A SRS
opossun [l 1100 WL M| IR R ettt el & el i LB 0L 5 B | I

chicken
s_otropicalis UL S | L L0 LOninl_ el Unlai Delemhiehieel B Dk WiN-
Tetraodon
hsa-mir-196b chr7:27175624-27175707 (-)
- uc uu u C ucca

acugg ggugau AGGUAGU UC UGUUGUUGGGa Cc
PEEEE beeeer e o teeennneetd

ugaCu ucauua uUccgucCa ag acgacagcucu (&3
gu - Ccu c C cuuu

chrr 271756684] 27175654| 271757848| 27175758
structure
hiEa—mir—195k0

e _

ra: [ LI, 0 L) R I L1 IO N L. |

rabh it p— T T T T NN T WL [

Ty |

armadillo

=1ephant ELELENELY N | B I |

spossun 3 I, .0 N M DR S St ietntd Mkt B LIS RN |

chicken ) ) ML L WD 1IN WS N AR ottt ettt et LN L B WL L.
= T T T I T F  THTIR

X_Tropicalis
tetraodon

hsa-mir-193b chrl6:14305325-14305407 (+)

gu GU G A Ag uua
gug cucagaa CGGG UUUGAGGGC AG UG u u
Ler reeeeer eeer e e 19
uac ggguuuU GCCC AAACUCCCG UC Ac a u
ug uG G A cu uuu

c

(@)

chri6: 14385508] 1435853548] 14505488 14585458]

structure “
h=a-mir-193h

il el ET-gr — — — T —— [ — 11§ EHI[E]

armacti 110 AL B L S LA M e RS g I AL LLLY B

e1epnant I J I i SRR SRS Saty AR AR S | I | L B |

opossun — Rl LI IRMLLL., WS LI | S )

cricien BLDNRE A1 Ll IR N S S LY (L

=_tropicalis

tetraondon ———] sy | /T BN _§ QI Q|

Conserywat ion

hsa-mir-190 chr15:60903209-60903293 (+)

u cu - UG UA uuau
gcagg ¢ cugu g AUAUGUUUGAUAUAU GGUug u

cguuc g gaca C UauacaaaCuauaua ucaac u
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C u u u cu - Cuaa

chir1S: sagazzee| seaps2se| EEABSIA0
structure
hSa—mir—138

s _

nouse

rat L ML St e S R L
ey g~ ——— 71— 1T
T {1

armadillo

= 1epnant HLEM I B e e I L | L

QROSSUm

cnicken ] 10 LU0 | LS i i Mttt SRS L o ) N B

#_tropicalis
tetraodon

hsa-mir-181b-1 chrl1:197094625-197094734 (-)

ccugugcagagauuauuuuuuaaaa aucAA CUG gaa ¢
ggucaca CAUUCAUUG UCGGUGGGUuU cu
i Leeeeeeer  reeeeeeeer i
ccggugu guaaguaac agucacucga o]
——————————————————— uucgcc -caac --a aca u
chirl: 1978g4508| 197 894658| 197894708| 197094758

structure
h=a-mir-1S1b-1

Conservation

arnacii110 1 IR N IRt SR el S S0 S
2 1ephant e N LY |, ) S it LB |
T TR T T 1 TIRIC I T
cnicken LU SIS Nl L [N LRSS e ettt 3 | B JULRL B J RIS

#_tropicali=s

tetraodon 1,0 1, 1 L0 ¥ WU bl e e ottt 1§ L. L WL L

hsa-mir-153-2 chr7:157059789-157059875 (-)

a gg - gu -a aa
ccagug ucauuuuugugau ugcagcu gu u

gcggu
PEEEE eeeer renneeeenenel ey 1 a
uguca gguuaC AGUGAAAACACUG ACGUUga cg u

o] aa U AU cc ag

chHrT: | 157859508| 1570595548| 157659988
structure EEES
hsa—mir—155-2

s _

mouse

rat NS LI . J 10 LI | e St 1 | Mg
rabn i+ [ LI LG ) Nl et It S ML B
oz [N LIS ) ) il Sttt ettt s bl ) i | b M
armacts 110 RN I LN it et e s Bl S R -
s1epnant AENRILINLLINGL RSl il M
opossum SN IN | ittt 1 S 0 R b

chicker AL L I SNttt S Lt S ML
x_tropicali= IS MALUBLLIN B0, LSS Sl S LI ut w08 b U
tetracdon | i A0, 1. 0LLL L Sttt I Sttt i

hsa-mir-142 chrl7:53763592-53763678 (-)

g g ¢ A Uaa ag a
acagugca uca cCAUAAAGUAG AAGCACUAC cC cc
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(WU U U RN NN O
GGUAUUUCAUC UUUGUGAUG g g u

g g A C -Ug ga g
chri7: | S37E3604| S37ESESa| SSITESTAM
structure 2

h=a-mir-142
h=a-mir-142

Conservyation

arnaci1io L LA 0 Attt I LI . . Ll
e lephant

spos=un il L JLEL JL et i St b ). LI B

chicken L JN - JLE, ] 0 Sttt Wttt | ML Ll B, B 1
x_tropicalis

retracdon L I I 0L 0 . I S | ieekieieiniiin | |. it . _ B A ILE BNiNL
hsa-mir-138-2 chr16:55449931-55450014 (+)

cu u AG UCA -ac c cg
ag a

g ugc gc CUGGUGUUGUGAA GGCCG gag ag c
O N RN NN NN A I A A I Y

c acg UG GACCACAGCACUU gc uuc uc a
au u -G -UA cca - cu

chrl6: | SS449908) s5449a5a| 55456806| s545805a|
structure
hSa-m ir—138-2

s _

rar LINMEI WL . L S ettt | RGeS S k1

ravo it NS I, 11,1 S ettt B ) . LI

doz LI DL NN | 1L NN St NN B0 L} I

armadillo

= 1epnant | BN SN | LN et ettt BN I B
opossun —LLN, S0 J L , LS et ) i e ittt L b | LU B

S —— ¥ T W [ FT T [ TEE T

#_tropicalis
tetraodon

hsa-mir-135a-2 chrl2:96481721-96481820 (+)

a aaa ucua c u uga
gau uucac gug UuuUAUGGCUUUU AUUCCUAUGUGA a u a
I il LD L reeeeennnnnr 1 1
cua aagug cau aaguaccgaagg uagggauguacu u a a
a -aa -uua a - cga

chriz: SE4517 04| 26451758| gE4515a8| IE451554|
structure 2
hsa—mir-1535a-2

Conservation

mouse

rat 1 L I Sttt ettt it i I

rabn it Lttt S
o T T T T
Py ——————— 71—~ ———————— T 1T ]
= 1ephant L S AN
spos=un JESNLINS | ML N Sttt Autui B i AL

cn i cen [LLI LSS N L e ettt tieteiuiutel e | B L
x_tropicatis [ BRSNS WL St | Sttt Wietieteteiten seteint [ 81 L
tetraodon

hsa-mir-128a chr2:136139437-136139518 (+)
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u u uuc uag Cu u

gagc guugga ggggccg cacugu gagaggu u
P e e e Heeennl
uucg cgacuu CUCUGGC GUGACA CUcuuua a
C u uuu CAA - C
chre: | 1365139458] 136159568| 15361359558]
structure

h=a-mir-123a

arnac1110 LS I DSt S B L
g rrr—— ————— — 1§}
opossun |2 L) S| L St L . |
chicken ——— SN A | W I S M Sttty B . [LI I N B

X_Tropicalis
Tetraodon

hsa-mir-107 chr10:91342484-91342564 (-)

Cc C --C u u C u a
ucu ugcuuu agcu cu uacaguguugc uug ggc u
ter et e v veeeeeeneelr e oo
aga acgaaA UCGG GA AUGUUACGACG Aac uug g

- c CUA - C - - a

chrie; | ERRCET=L T a1342558| S1342608]
structure
hsa-mir-187

Conservartion

armadillo

ey, 1T o — ————— @ T
opos=un w11 L 1L I NN Sttt Ectutetet S0l S | LB o S LIL

enicken LALDNLY, 11 L L LY J00 Ittt | . 00 (8 L0 3. L]
s _tropi a1 i Ly I LD I el I, S B .. LA |
tetrandon T I T T AT T e

hsa-mir-101-1 chrl:65296705-65296779 (-)

u cuggc A gucua
gcc uCAGUUAUCACAGUGCUG UGCU u
11 FEERRRERRRRennneet 1l
cgg AGUCAAUAGUGUCAUGAC AUgg u
a uaggA - aaauc
chirt: E5296704| 65295758| 52965 08|

structure
h=a-mir-181-1

T —————
s -.. _

armac 110 L I LN St ettt RSt M I LS . N
T T T T ——————— 1 T1__Al_N]
opossun TR T T W TN e—
chicken
x_tropical iz ————/LIl Wi St SRR 1 |
retracdor M JI0 JLA) |00 1 eietentetiete . MeSetttunts REIS b
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hsa-let-7i chr12:61283733-61283816 (+)

c u Uu - u ugu
uggc GAGGUAGUAGUUUGUGC GUU gg cgggu g
L TRRRREEnneentl i (I
aUCG UUCCGUCAUCGAACGCG Caa uc gcccg C
- - u uagaggug - uua
chir12: E1285754| E128558A] B12&855508
structure

h=a-1et-71

e _

et D 1 SRS St B R

rabbit
dos LN 10 IL] J0 RO ML LUR N
armaci 110 | LT N D
= 1ennant [ L0 1 S R e S
opossun —— o) . | L L M el S | L L
chicken LN L_LAL | LI N b Ittt (N | 1L hiel M
x_tropicalis AL SIS 5 .| I | LI
retracdon L, JU L L S St S i SN

hsa-let-7g chr3:52277334-52277417 (-)

a u A ugagg -a a a
ggc GAGGUAGU GUUUGUACAGUU gucu ug uacc c
PEE ey teeenennnind (NN AR
cCG UUCCGUCA CGGACAUGUCaa uaga ac augg c
a - c gg - c
chrS | S52277354| S52277488| S22774548
structure
h=a-let-72

e _

rat

armact 110 LT I, I Mt 1L el S
e 1 - r—————— ]
apossun LI 01, BLD 30 NIttt St L I b M
chicken | |0 o JL 10 0 J WA ettt ettt et e | 4 ) e L
x_tropicalis L0 Bt
tetraodon T T AT T [N R (N e——

hsa-let-7f-2 chrx:53600878-53600960 (-)

u U GU uuagggucauac
guggga GAG AGUAGAUUGUAUAGUU Cc

PEELLL T LR
cacCCU UUC UCAUCUGACAUAUCaa c

g - uG uagagguucuac
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chri SEEEES5E| SSEEE0EE| SSEHE95| SIEQleaa
structure

hEa-let-7f-2

e _
e —

arnad 110 LIS I LI AN N . BN
2 1ephant LIS RSLAA SR et AARARS Nt | I .
opossun ——LI L, L) L0 | | et e I ittt 0 b L) ) LB

chicken
#_tropicalis

tetracton ———————__ 1L | A 0 IS DS e b Ja8  BLL VRN L

hsa-let-7f-1 chr9:95978450-95978536 (+)

auvwG e u
ucag g AGGUAGUAGAUUGUAUAGUUgu gggguag g
feee e L a
aguC C UCCGUUAUCUAACAUAUCaaua ucccauu u

- CU gaggacuug u

chrai || S59T75454| S5a7E5aE| 95975558
structure i

h=s-let-7f-1

R _
i

rat ILLISML L | Lt Wittt Sttt L N .

rabb it L LI NS ettt 0 B

doz SANLEN L B . | LI .
armadilio T T NI T T —pp—

= tepnant L NN LI Wy It el B S S

) T Ty T ——— [T AL [WIT I

cnicken i B ML L LUK S tiielt St ettt f M | B JLE

®_tropicalis

retraodon LI Sl e o WOl 0 DL W S 11 U LS LN

hsa-let-7d ¢chr9:95980937-95981023 (+)

A C uuagggcagggauu
uagga GAGGUAGUAGGUUG AUAGUU u

UCU UUCCGUCGUCCAGC UAUCaa u
- A uggaggaacacccg

chra: 9595695 8| 95951 AEE| 95951858
structure
hza-1et-7d

armadillo

e 1epnant NNALLLISL o) e Saeiei ettt e 1L o Sl ) §
T T I T T — T W Wy
cnicken o1 LI LILALL | LN Dt Mt RSN e 118 I 1N JONLL

#_tropicali=s

tetraodon
hsa-let-7a-2 chrl1:121522440-121522511 (-)
uu G u uagaa ua a

agg GAG UAG AGGUUGUAUAGUU u c
e e et [
a g

UCC uUuC aucC uccgacaugucaa

Q0O C
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-u g c --uag gg a
chri1: 121522458 121522548 121522554
Srructure “
h=a-let-T7a-2
rar: LN | Mt s eSSt tetetiel i ittt R b . I W
ran it [RNELEN A et MR ettt M SNl
oz [ ISR INieLS MRSttt M It N

armaci 110 [ I LILILLY LiaSte ettt sttt M ety LI S L .
= 1epnant [IELINIRENNL BNl S Sttt M It |

Conservation

ey T rri- - - I T TN T
el T rpi1ierj - - r -~ § TN THN M [N
#_tropicalis
retracdon LILIni. 0L LU it o)
hsa-let-7a-1 chr9:95978060-95978139 (+)
u GU uuagggucacac
uggga GAG AGUAGGUUGUAUAGUU c
PEELL LI TRt c
aucCU UUC UCAUCUAACAUAUCaa a
- uG uagagggucacc
chra; 959TSe5E| 959751 64] a5a7S15e

structure
h=s-1et-7a-1, e

s l _
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Figure S6. Multiple sequence alignments for the human genome with 16 other
vertebrate genomes of human 74 pri-miRNAs that show high levels of conservation in

their terminal loop regions.
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Figure S7. (A, B) The in vitro processing of pri-miRNAs-379 and pri-miR-31 is

sensitive to the presence of specific looptomiRs. Radiolabeled pri-miR-379 and pri-
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miR-31 (50x10° c.p.m.) were processed in HeLa extracts with the addition of a
specific looptomiR (lanes 3) or with a control looptomiR specific for miR-18a (lanes
4). As a control, the reaction was also carried out in the absence of any looptomiR
(lanes 2). Lanes 1 represent control reaction without extract. M, RNA size marker. (C)
A miR-18a looptomiR selectively abolishes the processing of pri-miR-18a in the
context of the miR-17-18a-19a mini cluster. The RNA substrate comprising pri-miR-
17, pri-miR-18a and pri-miR-19a (50x10° c.p.m.) was processed in vitro in the
presence of a miR-18a looptomiR (lane 3), or a control looptomiR (lane 4). Lane 1

shows negative controls with no extract added.
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Figure S8. A LooptomiR targeting pri-miR-18a binds to the terminal loop region
without disturbing RNA structure of the region surrounding the Drosha cleavage site.
Cleavage patterns obtained for the 5’ **P-labeled pri-miR-18a transcript (100x10°
c.p.m.) treated with Pb (II) — lead ions (0.5mM) with or without addition of specific

looptomiR (50uM) are shown. Drosha cleavage sites are indicated with black arrows.
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Figure S9. RNA chromatography of selected pri-miRNAs harboring conserved (miR-
18a, miR-101-1 and let-7a-1) or not conserved (miR-16-1, miR-21, miR-19a) loops
was performed in HelLa nuclear extracts. Samples resulting from RNA
chromatography were resolved on SDS gel and visualized by Western blot analysis

with specific antibodies against nRNP A1 and hnRNP L.
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Figure S10. Several hnRNP A1l molecules bind pri-miR-18a and an specific
looptomiR blocks the formation of one of the complexes. (A) EMSA analysis of pri-
miR-18a transcript with recombinant hnRNP Al protein. Native gel electrophoresis
with increasing amounts of 5’ **P-labeled transcript (25x10° c.p.m. up to 400x10°
c.p.m./ 0.5 pmol up to 8.0 pmol) incubated in the presence of constant amounts of
recombinant hnRNP Al protein (the molar ratio indicated) reveals several,

stoichiometrically different, complexes. The asterisk indicates the minor structural
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conformer of pri-miR-18a transcript. (B). EMSA analysis of pri-miR-18a/hnRNP A1
complexes formed in the presence of looptomiRs. Equal amounts of 5’ **P-labeled
pir-miR-18a (100x10° ¢.p.m/ 2 pmol) incubated with increasing amounts of hnRNP
A1 (0.5 pmol up to 2 pmol) were programmed with a specific LooptomiR targeting

pri-miR-18a specific or acontrol looptomiR (50uM) and assayed as described above.
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Figure S11. The conserved terminal loop of pri-miR-18a is required for its efficient
cleavage by Drosha in the natural context of other pri-miRNAs. In vitro processing of
pri-miR-17-18a-19a and pri-18a loop mutants in the mini cluster. Radiolabeled pri-
RNAs (50x10° c.p.m.) were incubated in HeLa cell extracts (lanes 4, 5 and 6). Lanes
1, 2 and 3 show negative controls with no extract added. Products were analyzed on

an 8% polycrylamide gel.
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Figure S12. Structure analysis of wild-type and loop mutants of pri-miR-18a (A)
Cleavage patterns obtained for the 5’ 32p_labeled pri-miR-18a (left panel) and pri-
miR-18a loop mutant 1 (middle panel) and loop mutant 2 (right panel) transcripts
(100)(103 c.p.m.) treated with: Pb (II) — lead ions at increasing concentrations (0.5, 1
mM). C, incubation control (without probe). F and T identify nucleotide residues
subjected to partial digest with formamide (every nucleotide) or ribonuclease T1 (G-
specific cleavage), respectively. Electrophoresis was performed in a 10%
polyacrylamide gel under denaturing conditions. The positions of selected G residues

are shown. The loop regions are indicated by bars.
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Materials and Methods

Preparation of plasmids and DNA templates

For the structural analysis, the RNA substrates were transcribed in vitro from a DNA
fragment containing the T7 promoter sequence directly upstream of the pri-miRNA
precursor sequence. The DNA fragments were amplified by PCR from human
genomic DNA using the following oligonucleotides: pri-miR-17: T7-1018for-G (5°-
TTAATACGACTCACTATAGGCCATCACCTTGTAAAACTGAAG-3’) and 80rev
(5’- TAAAGCCCAACTTGGCTTCCCG-3%); pri-miR-19a: T7-236for-G  (5°-
TTAATACGACTCACTATAGGCGCCAAGCAAGTATATAGGTG-3’) and
1446rev (5’- TTAGTAAAAATCATTCATTTG-3’); pri-miR-18a: T7-103for-G (5°-
TTAATACGACTCACTATAGGCGTGCAGGGCCTGCTGATGTTGAGTGC-3")
and 233rev (5’- GAATTATTGGATGAATACATAAC-3’); pri-miR-18b: T7-18bfor-
G (5’- TTAATACGACTCACTATAGGCGCTTTTGAGCTGCTTCTTATAATG-3’)
and 18brev (5’- CTTTTAAAATGCTGTATATTAGGC-3’); pri-miR-18a 73nt: T7-
1for-G (S"TTAATACGACTCACTATAGGTGTTCTAAGGTGCATCTAGT -3’) and
T1rev (5’- TGCCAGAAGGAGCACTTAG-3’).

The sequences used for in vitro transcription and pri-miRNA processing assays were
obtained by PCR from human genomic DNA, cloned in pGEM-T-easy (Promega) and
linearized before transcription. The oligonucleotides used were as follows: pri-106a-
18b-20b: clusterXfor (5’- CAGGAATATTAACTAGTAG-3") and clusterXrev (5'-
ACGCTGAAATGCAAACCTGC-3"); pri-miR-17-18a-19a: 844for (5'-
GAATTCTTAAGGCATAAATACG-3") and 1553rev (5'-
GTAGATAACTAAACACTACC-3"); pri-miR-16_1: miR16for (5°-

TGATAGCAATGTCAGCAGTGCC -3’) and miR16rev (5°-

44



Michlewski et al.

GTAGAGTATGGTCAACCTTAC-3"); pri-miR-27a: cl23-143for (5°-
GGCAGAGAGGCCCCGAAGCC-3’) and cl23-279rev (5°-
CAGGCGGCAAGGCCAGAGGAGG-3’); pri-let-7a-1: let-7a-1for (5°-
GGAGCGGATTCAGATAACCA-3’) and let-7a-1rev (5°-
CCAGGCCATAAACAAATGCT-3’); pri-miR-101-1: miR-101-1for (5°-
GGGGAGCCTTCAGAGAGAGT-3’) and miR-101-1rev (5°-
AGCCACCTGTTTCACATTCC-3’) pri-miR-31: miR-31for (5°-
TCATCCCTGTGGTTTCACAA-3’) and miR-31revbis (5’-
GGAAATCCACATCCAAGGAA-3’); pri-miR-379: miR-379for (5°-
CAAATCCAGCCTCAGAAAGC-3’) and miR-379rev (5°-
AGCCCAAGTTGCATCACTTC-3"). Mutants 18aUC>GU and 18bGU>CU were
derived from the corresponding wild-type templates with oligonucleotides
18a_TC/GTfor (5-TGAGTGCTTTTTGTGTTAAGGTGCATCTAG-3") together
with 18a TC/GTrev (5’-CTAGATGCACCTTAACACAAAAAGCACTCA-3’) and
18b_GT/TCfor (5’-AATGTGTCTCTTGTTCTAAGGTGCATCTAG-3’) together
with 18b_GT/TCrev (5’-CTAGATGCACCTTAGAACAAGAGACACATT-3’),
respectively by site-directed mutagenesis (QuickChange, Stratagene). Templates for
terminal loop mutants for pri-miR-18a, pri-miR-16-1, pri-miR-101-1 and pri-let-7a-1
were derived from the corresponding wild-type plasmids by PCR amplification with
oligonucleotides 18a loop mtlfor (5’-AATACTGCCCTAAGTGCTCCTT-3")
together with 18a_ loop mtlrev (5’-GCTATCTGCACTAGATGCACCT-3’);
18a_loop mt2for (5’-CTCTACTGCCCTAAGTGCTCCTT-3") together with

18a loop mt2rev (5’-AGATATCTGCACTAGATGCACCT-3’); 16 1 loop mtlfor
(5’-AATTATCTCCAGTATTAACTGT-3’) together with 16 1 loop mtlrev (5°-

GCTTAACGCCAATATTTACGTG-3"); 16 1 loop mt2for (5'-
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CTCTTATCTCCAGTATTAACTGT-3") together with 16 1 loop mt2rev (5°-
AGATTAACGCCAATATTTACGTG-3’); 101-1 loop mtlfor (5°-
AAGGTACAGTACTGTGATAACTGA -3’) together with 101-1_loop mtlrev (5°-
GCAGCATCAGCACTGTGATAACTG -3°); 101-1_loop mt2for (5°-
CTCGGTACAGTACTGTGATAACTGA -3’) together with 101-1_loop mt2rev (5°-
AGAAGCATCAGCACTGTGATAACTG -3’); let-7a-1_loop mtlfor (5°-
AAAACTATACAATCTACTGTCTTTC -3°) together with let-7a-1 loop mtlrev
(5’- GCAACTATACAACCTACTACCTCA -3°); let-7a-1_loop mt2for (5°-
CTCAACTATACAATCTACTGTCTTTC -3’) together with let-7a-1 loop mt2rev
(5’- AGAAACTATACAACCTACTACCTCA -3°), using Pfu polymerase (Promega),
followed by T4 ligation (Roche) and transformation of DH5alpha competent cells

(Invitrogen).

RNA chromatography and western blotting.

Substrate RNAs let-7a-1 loop (5'-
GUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAA
UC-3"); miR-101-1 loop
(5'AGUGCUGAUGCUGUCUAUUCUAAAGGUACAGUACUG -3"); miR-379 loop
(5'-AACGUAGGCGUUAUGAUUUCUGACCUAUGUA-3"), miR-21 loop
(5’-GACUGAUGUUGACUGUUGAAUCUCAUGGCAACACCAGUCGA-3");
miR-19a loop (5’-UUGCACUACAAGAAGAAUGUAGUUGUGCAAAU-3’);
miR-16-1 loop (5°-
AAUAUUGGCGUUAAGAUUCUAAAAUUAUCUCCAGUAUUAA-3’) purchased
from Sigma-Aldrich were coupled to the agarose beeds (adipic acid dihidrasa -

Sigma-Aldrich). Fisrt, 1 umol of specific RNA was incubated for 1h in room
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temperature in the mix conating 100 mM NaAc pH 5.0 and 5 mM of freshly prepared
m-sodium periodate. Then, RNA was precipitated and resuspended in 100 mM NaAc
pH 5.0. Meenwhile the agarose beeds were washed extensively and resusopened in
enough volume of the 100 mM NaAc pH 5.0 to have a final mix of 50% beads. One
voulme of agarose mix was added to two volumes of the m-periodate treated RNAs
and left rocking over night at 4°C (All steps mentioned above were performed in
eppendorf tubes wraped in alu foil to protect the oxidation of RNA from light). Non-
bound RNA was washed once with the 2 M KCl, tiwce with the 1M KCl and three
times with Roeder D (KC1 100mM, glicerol 20% p/v, EDTA 0,2mM, Hepes.KOH
100 mM pH 7,9, DTT 0,5 mM, protease inhibitors-Complete EDTA free (Roche)). To
purify the factors from the nuclear extracts beads-coupled RNAs were incubated for
30min. at 37°C in the mixture containing 250ul (final 40% v/v) HeLa nuclear exctract
(Cilbiotech), 1.5 mM MgCl,, 0.5 mM ATP and 20 mM creatine phosphate. To analyze
the factors bound to the RNA, -agarose beads were washed four times with 1ml
Roeder D supplemented with 1.5 mM MgCl, Proteins were separated using NuPAGE
Novex Bis-Tris system (Invitrogen). Protein bands visualized by GelCode Blue
(Pierce) were subjected to Mass Spectroscopy (Dr Jim Creanor’s service — Edinburgh
University). Alternatively western blot analysis was carried out with hnRNP A1 —
specific monoclonal antibody 4B10 (Abcam), with hnRNP L — specific monoclonal
antibody 4D11 (Sigma-Aldrich) and hnRNP I/PTB — specific monoclonal antibody

SH54 (Abcam).

EMSA analysis of pri-miR-18a/hnRNP A1l complexes. 5’ **P-labeled pri-miR-18a

transcripts (in the range from 20,000 c.p.m. to 400,000 c.p.m.) were incubated with

recombinant hnRNP Al (in the range from 50 ng to 200 ng) for 30 min in RT in the
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buffer containing 0.5 mM ATP, 50 mM creatine phosphate, 5 mM MgCl, and 20
mg/ml heparin. When protein was not present the reactions were suplemented with
corresponding volume of BC100. Where indicated 50uM looptomiR was added prior
addition of the protein. The samples with added loading buffer (10mM Tris-HCIL, 3%
sucrose and dyes) were loaded on the 8% (w/v) non-denaturing gel and run in the

constant power of OW.
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