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Supplemental Figure 1. Circularization of pre-miRNAs by T4 RNA ligase 1.
A) Diagram to show the sequence structures of pre-miRNAs. These sequences were folded using RNAfold (Lorenz et al.  2011).
B) Circularization of the pre-let-7a-1 variants by T4 RNA ligase 1. One pmol of each variant was incubated with 16 units of T4 RNA ligase 1 at 25°C for 2 h in the 
ligation buffer (NEB, M0204L) supplemented with 20% PEG 8000. The ligation reaction mixture was then analyzed in 12% denaturing-PAGE. The ligated products 
and original substrates were shown by the red and blue arrowheads, respectively. Primer sequences used for RNA preparation are shown in Table S1.

A
A

- +

G U
UU

C
U

A

- +

G U
UU

C
G

A

- +

G U
UU

C
C

A

- +

G U
UU

C
A

U

- +

G U
UU

C
U

U

- +

G U
UU

C
G

U

- +

G U
UU

C
C

U

- +

G U
UU

C
A

G

- +

G U
UU

C
U

G

- +

G U
UU

C
G

G

- +

G U
UU

C
C

G

- +

G U
UU

C
A

C

- +

G U
UU

C
U

C

- +

G U
UU

C
G

C

- +

G U
UU

C
C

C

B

Ligated
Unligated

5'
3'

5'

3'

5'

3'

5'

3'

5'

3'

5'

3'

5'

3'

5'

3'

5'

3'

5'

3'

5'
3'

5'
3'

5'

3'



FE

C

D

A

Log   (spike-in quantity (fmol))
-3-4 -2 -1 0 1 2

10

Spike-in

Cy
cle

 T
hr

es
ho

ld 
(C

t v
alu

e)

5

15

25

35
Spike-in (R² = 0.9788)
DROSHA KO + spike-in (R² = 0.9769)T4 RNA ligase 1 - +

 GAGGGAA  GUUACCU UGAGGA G UGAU  
    CCUUUCCCUU  CAAUGGA ACUCUU C GCUA  

        -A       A      A G    UGA

 U       CG       A      - G    UCG

Artificial (spike-in) pre-miRNA

G

Supplemental Figure 2. Quantification of pre-miRNAs by iLIME-qPCR.
A) Diagram showing 8 different primer sets of RT and qPCR primers used in Fig. S2B, C. Primer sequences are shown in Table S2.
B) Primer sets 7 and 8 efficiently amplified all tested pre-miRNAs. The iLIME-qPCR experiments were carried out similarly as described in Fig. 2B, except that 
SYBR Green I was added to the PCR reaction. The PCR products were real-time quantified using the Roche LightCycler 480 real-time PCR system. 10 fmol of 
each pre-miRNA were used in each iLIME-qPCR reaction. The numbers shown on the heatmap were the average Ct values of three iLIME-qPCR repeats.
C) The iLIME-qPCR products were analyzed in native PAGE. iLIME-qPCR was conducted for 10 fmol of each pre-miRNA and stopped after 17 cycles. The 
amplified PCR products were then analyzed in 8% native-PAGE. The pre-miRNA amplicons were shown by the red arrowheads.
D) Diagram of the artificial (spike-in) pre-miRNA. The pre-miRNA sequences were folded using RNAfold (Lorenz et al. 2011). Primer sequences used to synthesize 
spike-in are shown in Table S1.
E) Circularization of the spike-in pre-miRNA by T4 RNA ligase 1. 1 pmol spike-in pre-miRNA were incubated with 16 units T4 RNA ligase 1 at 25°C for 2 h in a 
ligation buffer (NEB, M0204L) supplemented with 20% PEG 8000. The ligation reaction mixture was then analyzed via 12% denaturing-PAGE. The ligated 
products and original substrates were shown by the red and blue arrowheads, respectively.
F) iLIME-qPCR can quantify the spike-in pre-miRNA either alone or when mixed with the total RNAs isolated from DROSHA-KO cells. Different amounts (i.e., from 
0.0001 fmol to 100 fmol) of the spike-in pre-miRNAs were tested. Primer sequences used spike-in quantification are shown in Table S2.
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Supplemental Figure 3. Sequencing synthesized pre-miRNAs by iLIME-seq.
A) The sequences of pre-miRNAs obtained by iLIME-seq. The percentage of perfect mapped reads was estimated for each pre-miRNA.
B) iLIME-seq was conducted on mixtures of different uridylated pre-let-7a-1 variants. Thus, pre-let-7a-1, pre-let-7a-1-U, and pre-let-7a-1-4U were mixed at ratios 
of 1 : 0.5 : 0.25 or 1 : 0.1 : 0.01 after which they were sequenced by iLIME-seq. The ratios between the accurate pre-miRNA sequences obtained from NGS results 
were estimated.    
Primer sequences used for RNA sequencing libraries are shown in Table S2.
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            cacugugggaUGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCUaacgugau
              UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCU
             UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCC

   UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUA
  UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCU

Pri-let-7a-1            cacugugggaUGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCUaacgugau
              UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCU
             UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCC

   UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUA
  UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCU

            cacugugggaUGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCUaacgugau
              UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCCU
             UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUACUGUCUUUCC

   UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCUA
  UGAGGUAGUAGGUUGUAUAGUUUUAGGGUCACACCCACCACUGGGAGAUAACUAUACAAUCU

Pri-let-7g  gauuccaggcUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCcaggaacagc
 UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGC
 cUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCc
UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUG

 gauuccaggcUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCcaggaacagc
 UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGC

 cUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCc
UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUG

 gauuccaggcUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCcaggaacagc
 UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGC

 cUGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUGCc
UGAGGUAGUAGUUUGUACAGUUUGAGGGUCUAUGAUACCACCCGGUACAGGAGAUAACUGUACAGGCCACUGCCUUG

            cccuuuggggUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCcugaaguggc
                      UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUC          

             UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc
 UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAU 
 UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUC

            gUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc

Pri-let-7a-3            cccuuuggggUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCcugaaguggc
                      UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUC          

             UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc
 UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAU 
 UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUC

            gUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc

            cccuuuggggUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCcugaaguggc
                      UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUC          

             UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc

 UGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUC
            gUGAGGUAGUAGGUUGUAUAGUUUGGGGCUCUGCCCUGCUAUGGGAUAACUAUACAAUCUACUGUCUUUCc

            gcauccggguUGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCCuuggagcaca
            UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCC
           UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUC

Pri-let-7c            gcauccggguUGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCCuuggagcaca
            UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCC
           UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUC

            gcauccggguUGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCCuuggagcaca
            UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUCC
           UGAGGUAGUAGGUUGUAUGGUUUAGAGUUACACCCUGGGAGUUAACUGUACAACCUUCUAGCUUUC

            ccugaggagcAGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGCcccccaggcc
            AGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGC

          GGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC
            GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCG
           GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC

Pri-mir-27a            ccugaggagcAGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGCcccccaggcc
            AGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGC

          GGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC
            GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCG
           GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC

            ccugaggagcAGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGCcccccaggcc
            AGGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCGC

          GGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC
            GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCCG
           GGGCUUAGCUGCUUGUGAGCAGGGUCCACACCAAGUCGUGUUCACAGUGGCUAAGUUCC
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        UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCUAGCUUUCC
       UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCUAGCUUUC

UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCU

        gcucccagguUGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCUAGCUUUCCuugggucuug
        UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCUAGCUUUCC
       UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCUAGCUUUC

UGAGGUAGUAGGUUGUAUAGUUUAGAAUUACAUCAAGGGAGAUAACUGUACAGCCUCCU

Pri-mir-216a   ugaguuggcuUAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGcuaaacagag
  UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUG
   UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGc

UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUA
 UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAU

  ugaguuggcuUAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGcuaaacagag
  UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUG
   UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGc

UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUA
 UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAU

  ugaguuggcuUAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGcuaaacagag
  UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUG
   UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAUGc

UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUA
 UAAUCUCAGCUGGCAACUGUGAGAUGUUCAUACAAUCCCUCACAGUGGUCUCUGGGAUUAU

Pri-mir-376a-2  uauuuaaaagGUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGUuuucaguauc
  GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGU
GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCAC

  uauuuaaaagGUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGUuuucaguauc
  GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGU
GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCAC

  uauuuaaaagGUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGUuuucaguauc
  GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCACGU
GUAGAUUUUCCUUCUAUGGUUACGUGUUUGAUGGUUAAUCAUAGAGGAAAAUCCAC

HEK293T
53.4
 0.3
 0.1
 0.1

HCT116
82.6
 0.2
 0.1
 0.1

Percentage (%)

HEK293T
95.1
 0.2
 0.8
 0.5

HCT116
93.0
 2.0
 1.5
 1.0

Percentage (%)

HEK293T
82.9
 0.0

HCT116
90.2
 0.4

Percentage (%)

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Pre-miRNA
isoforms

Supplemental Figure 4. Sequencing of endogenous pre-miRNAs by iLIME-seq.
The percentages of different pre-miRNA isoforms identified by iLIME-seq were estimated.
Primer sequences used for RNA sequencing libraries are shown in Table S2.
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Supplemental Figure 5. iLIME-seq detects 3'-end modifications in different pre-miRNA isoforms.
The 3'-end uridylation of different isoforms of the pre-miRNAs shown in Fig. 4 were sequenced by iLIME-seq. The uridylation percentages (including mono-uridyla-
tion, di-uridylation, tri-uridylation, and oligo-uridylation) were estimated for each pre-miRNA isoform. Uridylation was not detected in either pre-let-7a-2 or 
pre-mir-376a-2. 
Primer sequences used for RNA sequencing libraries are shown in Table S2.
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