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This study firstly report about the essential of Cables2 locus in mouse development. Cables2 is
clarified to be expressed in various mouse tissues including testis, ovary, brain, etc. In addition,
this study focus attention on the need to validate target knock-out genes in lethal phenotypes.

CDKS5 and Abl enzyme substrate 2 (Cables2), a member of the Cables family, is

ubiquitously expressed in mouse embryonic and reproductive organs at the RNA level, suggesting the
existence and contribution of Cables2 in embryonic and germ cell development. However, in vivo
function of Cables2 remains unclear. Therefore, in this study, we aimed to explore the role of
Cables2 using mouse models.

Using genetically modified mouse models, we found that the entire Cables2 locus is essential for
early mouse embryogenesis. Transcriptome profiling comparison revealed that Cables2 indeed involved
in male gonad development and fundamental signaling pathways such as Wnt and P53. In addition, we
successfully generated a Cables2 knock-in reporter model in which Cables2 is demonstrated to be
expressed in mouse testis and ovary, the main reproductive organs. Generally, this study highlights
the sophisticated role of Cables2 in mouse development.
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CDK5 and Abl enzyme substrate 2 (Cables2), amember of the Cablesfamily that has a C-terminal
cyclin box-like domain, is ubiquitously expressed in mouse embryos, from embryonic stem cells
(ESCs) to prenatal embryos and adult tissues. In humans, Cables2 is also expressed in various
tissues including the testis, ovary, oviduct, uterus, etc. with the highest RNA level in the human
testis (wwwi.proteinatlas.org). The conventional Cables2 KO embryos, in which the entire
Cables2 locus was deleted, are arrested for the normal development from the gastrulation,
embryonic day 6.5 (E6.5).

Our preliminary in vitro data showed that Nanog and Smad2 activity were decreased in Cables2-
deficient epiblast-like cells (EpiL Cs), suggesting that Cables2 is anovel transcription cofactor of
Nodal/Smad2 signaling pathways in regulating Nanog expression in gastrulation. Therefore, we
initially planned to apply Cre/loxP system to anayze the germ cell-specific function of Cables2.

In this study, we aimed to explore the temporal function of Cables2 in mouse devel opment.

1. Generation of Cables2-3xFLAG-2A-tdTomato (Cables2™™ mouse to confirm the
expression of Cables2 in vivo. In this model, the C-terminal of Cables2 was knocked in
with 3xFLAG and 2A-mediated tdTomato.

2. Generation of Cables2 cKO mouse: Using the CRISPR/Cas9 system, the
floxed Cables2 mouse with |oxP sites flanking exonl was successfully generated (Fig.2).
The floxed Cables2 mice were mated with Nanos3-Cre and Gdf9-Cre mouse lines
where Creis specifically expressed in male and female germ cells, respectively.

3. RNA sequencing anaysis. The Enrichr program was used for GO terms and KEGG
pathway enrichment analyses of differentially expressed genes with at least twofold
change and FDR < 0.05.

1. Expression pattern of Cables2 in mouse reproductive organs
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generated and utilized for in vivo analysis, abbreviated as Cables2™™. As result shown in Figure
1A, the reporter mice of Cables? showed the high Cables? expression in testis and ovary.
Moreover, Cables2 iswidely expressed in various mouse tissuesincluding brain, intestine, kidney,
etc. Further immunoprecipitation analysis using testis of Cables2 reporter mice revealed
interaction of Cables2 with CDK5, a well-known interaction factor of Cables (Fig.1B). Due to
lacking commercially valuable Cables2 antibody, this knock-in mouse model will enable the
comprehensive analysis of invivo Cables2 function in both male and femal e reproductive organs.
However, we could not observe the significant expression of reporter fluorescence in primordial
germ cells and embryos using this knock-in mouse.

2. Generation of Cables2 conditional KO mice and finding the discrepant phenotypes in

Cables2 deletion models

The conventional Cables2 KO model, in which the entire Cables2 locus was deleted (Fig.2)
showed the lethal phenotype. Homozygous embryos are arrested from the onset of gastrulation at
embryonic day 6.5 (E6.5). Therefore, the floxed Cables2 mouse with 1oxP sites flanking exonl,
which is considered a critical exon, was generated and mated with Nanos3-Cre and Gdf9-Cre
mice to examine the function of Cables2 in germ cells. However, Cables2 conditional KO mice
in both lines are normal fertility with no obvious abnormal phenotype.
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Figure 2. Gene construction of conventional targeting entire Cables2 locus deletion and Cables2 exonl deletion

To further validate the efficiency of exonl-floxed construction and re-confirm the lethal
phenotype, Cables2 exonl deletion mice were exclusively intercrossed and propagated.
Unexpectedly, viable and fertile homozygous Cables2 exonl del etion mice were obtained, which
is contrary to the entire locus Cables2 phenotype. Thus, our conditional KO model seems
insufficiency to reflect the function of Cables, unfortunately. This surprising result also indicates
an inconsistent function of Cables2 in embryogenesis.

3. Thetranscriptome profiling comparison of entire Cables2 |ocus deletion embryos

Astheinitid in vitro data suggested that Cables2 may play an important role in the activity
of Nodal/Smad2 signaling pathways during germ cell development. However, the in vivo results
afterward did not strongly support our hypothesis about the specific function of Cables2. On the
other hand, we found that targeted disruption of the entire Cables2 locus caused growth
retardation and enhanced apoptosis at the gastrulation stage and then induced embryonic lethality
in mice. Therefore, we performed RNA-seq with conventiona KO embryo E7.5 samples to
examine global gene changes. Interestingly, the GO terms related to “gonad development”, “male
gonad development”, and “development of primary male sexual characteristics”(Fig.3A).
Moreover, the enriched KEGG pathway included “Wnt signaling pathway”, “PI3K-Akt signaling
pathway” and “p53 signaling pathway” (Fig.3B). Comparative transcriptome analysis also




revealed that disruption of Cables2 affected the gene expression of Rps21, a gene located next to
the exon 10 of the Cables2 locus in the opposite orientation. Generally, Cables2 is involved in
male gonad development and has sophisticated interaction with adjacent gene Rps21, Wnt/b-
catenin, and P53 signaling pathways. These findings would contribute to the comprehensive
understanding of Cables2 function.
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Figure 3. Transcriptome profiling analysis of entire Cables2 deletion embryos

Different expression genes at E7.5 enriched in GO Biological process (A) and
KEGG pathway (B) (p<0.001) with downregulation in blue bars and upregulation in red bars.
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