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Comparative genomics dogma:
if it is conserved, it must be functional.
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Defining “gene

Comparative genomics dogma: regulation”
if it is conserved, it must be functional.
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» Sequence complementarity to the miRNA.

microRNAs

» Physically bind the miRNA effector complex.
» mRNA and protein level respond to miRNA.

2 7
miRNA: 5'NE 5 NNNNNNNNNNNNNNB'
ki
target: N_ -~ - — the “seed”

Comparative genomics (if a seed match is conserved, it must
be functional).
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Functionality of miRNA /target interactions

» Experimental methods (CLIP and avatars): hundreds of
targets per miRNA.

» Computational methods (seed matches, conserved in
evolution): hundreds of targets per miRNA.

miRNA-mediated repression is very modest (usually

< 2-fold): lower than well tolerated fluctuations in gene
expression (e.g., haplosufficiency). Why have these sites
been conserved if they are not functional?
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Robustness of predicted targets

Baek et al., 2008: quantification of miR-223-mediated
repression in mouse neutrophils.
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Baek et al., 2008: quantification of miR-223-mediated
repression in mouse neutrophils.
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Baek et al., 2008: quantification of miR-223-mediated
repression in mouse neutrophils.
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Robustness of predicted targets

For 150 predicted targets out of 192:
inter-individual fluctuations across 5 wild-type mice exceeds
miRNA-mediated regulation (p-value < 0.05).
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For 150 predicted targets out of 192:
inter-individual fluctuations across 5 wild-type mice exceeds
miRNA-mediated regulation (p-value < 0.05).
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Most known miRNA “targets” are probably not functionally
targeted.

Observing a molecular object does not mean that it has a
biological function.

Homeostasy attenuates changes of external origin: it also
buffers internal changes.

Conclusion
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miR-1 and miR-206 (at least) control C2C12 differentiation
(Goljanek-Whysall et al., 2012).

— absolute quantification of miR-1, miR-206, miR-133 and
their predicted targets in differentiating C2C12.
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Absolute RNA quantification

For mRNAs to titrate miRNAs, they need to be abundant
enough.

Murine cell line “C2C12": differentiates in myotubes;
expresses muscle-specific miR-1, miR-206 and miR-133.

miR-1 and miR-206 (at least) control C2C12 differentiation
(Goljanek-Whysall et al., 2012).

— absolute quantification of miR-1, miR-206, miR-133 and
their predicted targets in differentiating C2C12.

» miRNAs: Northern blot (calibrated with RNA oligos);
» mRNAs: RNA-Seq (calibrated with in vitro transcripts).
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miR-1a/miR-206 inhibition experiment miR-133 inhibition experiment

mRNA log2(fold-change) | Adjusted p-value mRNA log2(fold-change) [ Adjusted p-value
L3hypdh -5.330 4.57e-02 Ccdc65 -2.680 4.45e-02
Pla2g4c -5.180 3.18e-02 Ctsc -2.430 8.36e-03
Nrk -3.770 1.86e-02 Samd9l -2.360 9.87e-03
Park2 -2.870 1.23e-02 Cnksr1 -2.240 2.49e-04
Nim1k -2.690 3.53e-02 Nptxr -2.020 3.70e-04
Lyplal1 -2.600 4.03e-09 Zfp563 -1.800 3.70e-04
Incat -2.540 4.57e-02 Snap23 -1.410 8.18e-08
Sfrp4 -2.330 8.39e-03 Gsgll -1.380 2.54e-03
2210408121Rik -2.140 7.70e-07 Hsd17b11 -1.180 5.33e-03
Miph -2.030 8.12e-03 Fam132a -1.180 4.45e-02
A430078G23Rik -2.020 1.28e-02 Btbd17 -1.150 1.05e-02
Tmsbax -2.010 1.93e-21 Tmésf1 -1.110 2.62e-02
RpI39 -1.840 1.49e-15 Eid1 -1.050 4.62e-02
Gbp8 -1.780 1.86e-02 Kenk5 -1.030 8.18e-03
Mab2113 -1.770 3.60e-02 Pgam2 -0.993 3.70e-04
Sv2b -1.710 1.23e-02 Nmrk2 -0.881 9.87e-03
Dynit1a -1.590 4.83e-02 Rpl7a -0.796 9.57e-03
Gpr39 -1.550 3.22e-02
Prkag2 -1.480 2.50e-02
Osbpl10 -1.450 2.50e-02
Tesk2 -1.330 8.39¢-03 Supplementary
Elof1 -1.330 8.64¢-06 data
Arrdc2 -1.280 4.08e-02
Serpine2 -1.150 2.50e-02
Atplat -1.130 3.78e-06
Yiflb -1.110 2.75e-04
Asccl -1.030 2.36e-02
Mtpap -1.000 2.50e-02 Red: perfect seed match in 3" UTR
Tprn -0.993 1.21e-02 Blue: one of the top 3 imperfect seed matches in 3" UTR
Npri2 -0.975 4.32e-02
Tmem55b -0.881 1.21e-02
Pdpn -0.879 5.72e-03
Cap1 -0.836 8.12e-03
Slc25a17 -0.815 2.50e-02
Tpm4 -0.798 1.23e-02
Cox6a2 -0.777 3.60e-02
Sppl -0.762 2.00e-02
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mRNA for gene 1
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miR-1a/miR-206 titration by mRNAs:
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Absolute Experimental Absolute
miRNA target mRNA
quantification identification quantification

(in differentiating C2C12 cells)
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Absolute Experimental Absolute
miRNA target mRNA
quantification identification quantification

(in differentiating C2C12 cells)

miR-1a/miR-206 titration by mRNAs:
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Another source of conservation

Absolute Experimental Absolute
miRNA target mRNA
quantification identification quantification

(in differentiating C2C12 cells)

miR-1a/miR-206 titration by mRNAs:
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miRNA quantification

fmol synthetic oligo days of differentiation
©
drwvwﬁgmo‘—wmvmcont:
38
- - fhaar
21
18

(quantification of miR-1 and miR-206)

Functiona
regulation by
microRNAs

Defining “gene

micr As
Functionality of
miRNA /target

interactions

Results

gements

Supplementary
data




miRNA molecules per cell
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miRNA quantification

miRNA abundance during C2C12 differentiation
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mRNA quantification

Very deep sequencing: three time points (day 0, day 3, day
6) in triplicate; each replicate: between 267 and 333 million
transcriptome-matching reads.

EXHE A,
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mRNA quantification

Very deep sequencing: three time points (day 0, day 3, day
6) in triplicate; each replicate: between 267 and 333 million
transcriptome-matching reads.

EXHE A,
=S

27 synthetic spike-ins, for calibration.
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Read abundance (fpkm)
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Read abundance (fpkm)
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Deep-sequencing statistics icroRNAS

Number of reads per kb (median transcript, excluding
spike-ins):

Replicate 1 | 159.26
Day 0 | Replicate 2 | 140.53
Replicate 3 | 150.03
Replicate 1 | 213.09
Day 3 | Replicate 2 | 167.77
Replicate 3 | 198.48

Supplementary

Rephcate 1 22357 data

Day 6 | Replicate 2 | 243.86
Replicate 3 | 220.23
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Induction of
differentiation

3 replicates: transfected 3 replicates: transfected
with anti-miRNA oligo \ / with control oligo

CLIP then RNA-Seq \
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Experimental target identification mcroRNAS

miR-1a/miR-206 inhibition experiment miR-133 inhibition experiment

mMRNA log2(fold-change) | Adjusted p-value MRNA log2(fold-change) | Adjusted p-value
L3hypdh -5.330 4.57e-02 Ccdc65 680 4.45e-02
Pla2g4c -5.180 3.18e-02 Ctsc -2.430 8.36e-03
Nrk 3770 1.866-02 Samdl 9.876-03
Park2 -2.870 1.23e-02 Cnksr1 2.49e-04
Nim1k -2.690 3.53e-02 Nptxr 3.70e-04
Lyplal1 -2.600 4.03e-09 Zfp563 3.70e-04
Incat -2.540 4.57e-02 Snap23 8.18e-08
Sirp4 -2.330 8.396-03 Gsgll 254603
2210408I121Rik -2.140 7.70e-07 Hsd17b11 5.33e-03
Miph -2.030 8.12e-03 Fam132a 4.45e-02
A430078G23Rik -2.020 1.28e-02 Btbd17 1.05e-02
Tmsb4x -2.010 1.93e-21 Tm6sf1 2.62e-02
RpI39 -1.840 1496-15 Eidt 4,626-02
Gbp8 1.780 1.866-02 Kenks 8.18¢-03
Mab21I3 -1.770 3.60e-02 Pgam2 3.70e-04
Sv2b -1.710 1.23e-02 Nmrk2 9.87e-03
Dynit1a -1.590 4.83e-02 Rpl7a 9.57e-03
Gpr39 1550 3.220-02
Prkag2 -1.480 2.50e-02
Osbpl10 -1.450 2.50e-02
Tesk2 -1.330 8.39e-03
Elof1 -1.330 8.64e-06 Supplementary
Arrdc2 -1.280 4.086-02
Serpine2 -1.150 2.50e-02 data
Atplal -1.130 3.78e-06
Yiflb -1.110 2.75e-04
Ascc1 -1.030 2.36e-02
Mtpap -1.000 2.50e-02 Red: perfect seed match in 3" UTR
Tprn -0.993 1.21e-02 Blue: one of the top 3 imperfect seed matches in 3" UTR
Npri2 -0.975 4.32e-02
Tmem55b -0.881 1.21e-02
Pdpn -0.879 5.72e-03
Cap1 -0.836 8.12e-03
Slc25at17 0.815 2.50e-02
Tpm4 -0.798 1.23e-02
Cox6a2 -0.777 3.60e-02
Spp1 0.762 2.00e-02
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Another source of conservation

Tmsb4x gene

L miR-1/miR-206 site

CRISPR-mediated break; homologous recombination

wt or mutant
miR-1/miR-206 site

wt miR-1/miR-206 site: [ . . . JAUGCACUGUACAUUCCACGAGCAUUGT . . .
mutant miR-1/miR-206 site: [ . . . ] AUGCACUGUAUCCAUCACGAGCAUUG( . . .
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Reported examples of pseudo-targets

A proposed pseudo-target: PTENP1, that de-repressed
PTEN (Poliseno et al., 2010).
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Reported examples of pseudo-targets

A proposed pseudo-target: PTENP1, that de-repressed
PTEN (Poliseno et al., 2010).

But PTENP1 mRNA is ~ 100 times less abundant than the
PTEN mRNA (Ebert and Sharp, 2010).
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Reported examples of pseudo-targets microRNAS

siRNAs against PTENP1

PTEN mRNA _m
(NM_008960) !

I i
1 1
I I

nt: 1 869 2080 8229
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Reported examples of pseudo-targets microRNAS

Proposed by Poliseno et al (2010):
siRNAs

PTENP1 mRNA —mEE———

miR-’ﬁAs

PTENmMRNA —mm————————

More probably:
siRNAs

PTENmMRNA —I—F——————
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Reported examples of pseudo-targets

siRNA #2 against PTENP1:
PTEN mRNA (nt 948-961):

siRNA #2 against PTENP1:

PTEN mRNA (nt 1383-1401):

siRNA #2 against PTENP1:
PTEN mRNA (nt 3769-3782):

5 UAAUAAUCAUCAUUCUGGC3
[ARRRN] [AAEEN
3 ,GUUAUUA****UAA*ACCUB .

5 UAAUAAUCAUCZ—\UUCUGGC3
[ARRRN] (AR
3 ,A'JUAUUAUAUGUAUCGCG55 .

57 3
UAAUAAUCAUCAUUCUGGC
[ARRRN] (RRN
3 AUUAUUACC----- GACCU54

siRNA #2 against PTENP1:
PTEN mRNA (nt 8189-8208):

PTEN mRNA (nt 2192-2212): 5

5 UAAUARAUC —AUCAUUCUGGC3

3 ,UUUAU'JACUUGG1-\1%1%1—\AUUA5 .

siRNA #3 against PTENP1: ° UCCUAUA--UGAUCUCUGAU!
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SIRNAs against AFF1
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Comparative genomics yield false positives
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Comparative genomics yield false positives

Proportion of over-conserved seed matches

Proportion of over-conserved seed matches

Predictions by microT 5.0:
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Predictions by TargetScan 7.0:
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