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microRNA-mediated regulation

I Each microRNA regulates
many mRNAs.

I Usually several hundreds of
predicted targets bearing
conserved binding sites.

I Some of the targets could
function as titrators.
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Endogenous mRNAs can titrate microRNAs?

“C2C12” cells:

miR-1/206

miR-133

Day 0 Day 6

induction
of

differentiation

For individual titration to occur, concentrations must be in specific
ranges.

I Goal: absolute quantification of intracellular concentration of
miR-133, miR-1/miR-206 and their targets.



Endogenous mRNAs can titrate microRNAs?

“C2C12” cells:

miR-1/206

miR-133

Day 0 Day 6

induction
of

differentiation

For individual titration to occur, concentrations must be in specific
ranges.

I Goal: absolute quantification of intracellular concentration of
miR-133, miR-1/miR-206 and their targets.



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates
0 1 2 3 4 5 6

Day of differentiation

m
iR

N
A

m
ol

ec
ul

es
pe

rc
el

l

miR−1 + miR−206
miR−133

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates
0 1 2 3 4 5 6

Day of differentiation

m
iR

N
A

m
ol

ec
ul

es
pe

rc
el

l

miR−1 + miR−206
miR−133

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0

Cell volume



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates
0 1 2 3 4 5 6

Day of differentiation

m
iR

N
A

m
ol

ec
ul

es
pe

rc
el

l

miR−1 + miR−206
miR−133

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0
intracellular

concentration

Cell volume



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates
0 1 2 3 4 5 6

Day of differentiation

m
iR

N
A

m
ol

ec
ul

es
pe

rc
el

l

miR−1 + miR−206
miR−133

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0
intracellular

concentration

spiked-in RNAseq

at day 0,

day 3,

and day 6

(3 replicates)

Cell volume



Absolute mRNA and microRNA quantification
microRNAs:

M

10.
5

2 4 8 15 20 0 1 2 3 4 5 6

fmol synthetic oligo days of differentiation

18

21
23

38

nt:

3 replicates
0 1 2 3 4 5 6

Day of differentiation

m
iR

N
A

m
ol

ec
ul

es
pe

rc
el

l

miR−1 + miR−206
miR−133

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0
intracellular

concentration

spiked-in RNAseq

at day 0,

day 3,

and day 6

(3 replicates)

Molecules per cell

R
ea

d 
ab

un
da

nc
e 

(fp
km

)

0 2000 4000 6000 8000

0
10

00
20

00
30

00
40

00

Cell volume



Experimental identification of targets: differential CLIP

I Predictions exclude non canonical binding that may contribute
to general titration.

I Predictions may bear false positives.

I Some sites may not be really bound (sites not accessible).



Experimental identification of targets: differential CLIP

Induction of
differentiation

3 replicates: 
transfected with 
anti-miRNA oligo

3 replicates: 
transfected with

control oligo

CLIP then RNA-Seq

Differential expression analysis

miR-1/206 targets

mRNAs depleted from the
CLIP after transfection
with anti-miRNAs:

I Excludes background
binding

I Excludes microRNA-
independent
binding

I Identification of
specific microRNA
targets



Clipped targets have high predicted affinity
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Clipped targets are enriched in seed and simili-seed matches

no seed-match
16%

simili seed-match
35%

seed-match
49%

miR-1/206 targets

seed-match
24%simili seed-match

35%

no seed-match
41%

miR-133 targets

n=37 n=17

simili seed-match: top 3 most
abundant single mismatch
seed-matches.



Titration capacity of each individual binding site:

Incorporation of concentration data:

miRNA

mRNA for gene 2

mRNA for gene 1

mRNA for gene 3

free miRNA+

Simulated loss of one miRNA
binding site in mRNA for gene 1

+ free miRNA



Strongest titrators
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Titration occurs

I Some mRNAs can efficiently titrate miRNAs in endogenous
concentrations.

I This could be another function for conserved miRNA binding
sites.

I Each cell type may express a variable set of titrators, resulting
in a set of conserved binding sites with miRNA titrating
activity.
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