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INTRODUCTION

Lmx1b is the key regulator of dorso-ventral (DV) Two limb-specific and autoregulatory enhancers control
patterning in the limb Lmx1b expression with antero-posterior (AP) specificity

DV asymmetry is crucial for limb function and, during A) WT B) LARMI/2-/-

development, is determined by three crucial factors: Wnt7a, Enl
and Lmx1b (Fig.1).
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v— Targeted disruption of Lmx1b in mice (Chen et al., 1998) results in — Lmx1b |.
double-ventral limbs (Fig.2), but mice die perinatally. In humans,

LTI
mutations in LMX1B cause the rare disease Nail-Patella ‘\\/ C)

Syndrome (OMIM:161200).
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The deletion of both enhancers (ALARM1/2) e 1|

recapitulates the Lmx1b-null phenotype exclusively = .

In the limb (Fig.3B). The removal of each enhancer
reveals that LARM1 controls Lmx1b expression in the &
posterior (Fig.3C) and LARM2 Iin the anterior part of
the limb (Fig.3D) (Haro et al. 2021).

RESULTS

[1] The Lmx1b regulatory domain includes two IncRNAs [2] LARMI contains a functional silencer sequence

LARMz  LARMT The C130021120Rik is expressed in LARIM1 - ‘ Based on conservation and
— Lmx1b = an identical pattern to Lmx1b (Fig.4). —[:]— EE— Lmx1b |- chicken reporter assays (Haro et
al., 2021), LARM1 can be divided
AK020435 C130021120Rik The AK020435 is expressed distally

In two segments, a 5 element
) . ) . Lmx1b ChlP- limb (H tal. 2017) . .
Sistal Divergent and with a ventral domain in the limb _A. ™ e imh nare ete that functions as a silencer (S)

75 kb 682 bp (Fig. 4, red arrow). M .. . kM vetcons and 3° that functions as an
enhancer (E).

Fig.1: Limb bud schema showing the
expression pattern of genes involved
in DV limb patterning.
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Fig.3: Spatial modularity of LARM sequences.

Fig.2: E16.5 limbs. From Chen et al. (1998)
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The CRISPR/Cas9 removal of LARM1S
leads to the ectopic ventral activation of
Lmx1b in the anterior mesoderm (Fig.5,
asterisk) and a double dorsal digit 1.

SE

The removal of LARMIE reproduces the
posterior double-ventral phenotype of
ALARML1, but restricted to digit 5 instead of
d2-d5 (Fig. 5, right).

Fig. 4. Expression pattern and LARM-dependent regulation of the melb associated IncRNAs. WMISH of E11.5 forelimbs for
AK020435, C130021120Rik and Lmx1b in WT and LARM mutants.

The milder phenotype of ALARM1E (d5)
compared with ALARM1 (d2-d5) suggest
that, in the absence of the E, the S displays
sivenral  @nhancer activity, or the S activity over
LARM2 is decreased.

Both IncRNAs are regulated by the LARM enhancers with the same AP specificity (Fig. 4,
arrows).

[3] The LARM sequences connect the AP and DV axes

The modular phenotype of ALARM1 and ALARMZ2 mutants suggest

Fig.5: In the Lmx1b landscape coexist positive and
negative regulatory sequences.

a connection between AP and DV axes.
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Hypothesis: L 020 The positional specificity of the LARM sequences supports a model in which different
"""""""""""""""""""""""""""" (Haro et al. 2017 | I regulatory schemes are used in different positions (Fig.6, left).
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o, Fig.6: Model for Lmx1b regulation (left), supported by scATAC-seq data (right). LARM1
Gli3 +/+; Gli3 +/+; Gli3 -/-;
Gli3 /4 I Wit I i B The accessibility of only one enhancer in most cells support this model (Fig.6, right). A small
L1 Del/Del L1 Del/Del percentage have both accessible. Also, their accessibility is similar in dorsal and ventral cells.

[4] Lmx1b regulation is highly conserved during evolution

Newborn HLs v:‘ m
M | s § Considering that the double-ventral limbs of ALARMI1/2 mutants fail to support
Posterior i Ventral = Ié locomotion, we hypothesized that the elaboration of the DV asymmetry by modification of
double AT T 2z Lmx1b regulation, or its functional targets, had to accompany the fin to limb transition.
P A ! o
| =N AN ‘ R ~§ We have identified orthologs of the LARM sequences in fishes (Fig.7), all of them show
) | -3 | | s activity in the pectoral fin in zebrafish reporter essays (Fig. 7, right).
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d Gli3 modulates LARM1 and LARMZ2 activity in opposite direction.
d An ancestral Lmx1b regulatory landscape is already present in chondrichthyans.
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