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Generation of Tbc1d4 knockout mice - general overview 
Tbc1d4 knockout mice were generated as a byproduct of the generation of knock in allele for the same 
gene using CRISPR/Cas9 technology. In order to generate this mouse line, we applied the CRISPR/Cas9 
technology where the targeting construct, which expresses both the sgRNA and the Cas9 protein, 
together with the single stranded DNA oligonucleotide (ssODN) template were transfected into mouse 
ES cells. Upon expression of these two components in the cells, the sgRNA directed the Cas9 protein to 
the genomic regions of interests, which, upon its interaction with the DNA sequence, induced a double 
strand break that was then repaired by the cell DNA repair mechanism. However, the ssDNA repair 
events were either incomplete or non-existent resulting in the generation of at least one ES cell clone 
that carried one knockout allele. Figure S1 below illustrates the relative position of the frameshift 
mutation in clone #69. 

 

 
Guide selection, cloning of CRISPR constructs and ssDNA template selection 
Potential guide RNAs were screened using CRISPOR tool (www.crispor.tefor.net) and one of them was 
selected according to the following parameters: cutting site proximity to the mutation of interest, 
specificity score (accounts for less likelihood of off target effects) and nuclease activity.  
The analysis resulted in a one guide RNA (gRNA: GAGAAGGATGTGTGAAGGCTTGG; PAM 
sequence underlined) that was satisfactory to our requirements. This particular gRNA has 411 potential 
off target sites where the five most likely off target sites all correspond to intragenic regions. gRNA 
oligos were ordered from IDT and cloned into pX458 (Addgene; Cat#48138), as previously described 
(1). 
 
Embryonic Stem Cell targeting 
F1.129S2;C57BL76N embryonic stem cells (mESCs) were transfected with the above mentioned gRNA 
and donor template following the protocol previously described (2). 1x106 ESCs were plated in 2 10cm 
Petri dishes coated with gelatine and cultured in N2B27+2i+LIF medium. 4h later the cell culture was 
transfected with a mixture of 5ug sgRNA + 5ug Template + 15ul FuGene following the vendor’s 
instructions. 48h later, GFP-positive clones were sorted by FACs and re-plated in gelatine-coated 10cm 
Petri dishes (25.000 cells per dish). After one week in culture, 144 individual ESCs colonies were 
picked manually, disaggregated and plated on a feeder cell layer in 96-well plates. This clone set was 
split in triplicates: two of the copies were frozen and the third was expanded up to confluent 24-well 
plate wells for DNA extraction and genotyping. 
 
Genotyping and Targeting efficiency 
ESC clones were genotyped by PCR reaction using the following primers: Seq-TBC1D4-FW: 
TCGCAGCCCTTCAAGGAAAG and Seq-TBC1D4-RV: TCACTCTGAAATTAACCGGCCA. 
Electrophoresis analysis show a band size of 407bp. The PCR amplicon was then cut with SsiI 
restriction enzyme (Thermo #FD1794), which can only cut the mutated version of this genetic sequence 
(this restriction enzyme site is present in the alleles where the insertion frameshift mutations are present, 
resulting from the partial integration of the donor template). Therefore, while the wild type DNA show a 
band size of 407bp, the mutated version shows a band of approximately 200bp. The total number of 
ESC clones analyzed were 116, where two of these clones carried the Ssil restriction enzyme site; 
corresponding to an efficiency of 1,7%. For simplicity, we carried this study in the clone #69 mouse line 
alone.  
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Chimeric mice generation and breeding 
Once the ESC clones carrying the mutation were identified by PCR, one of the two frozen clone-set 
replicas were thawed and the selected clones were put in culture on a feeder cell layer in 96-well plates 
with N2B27+2i+LIF medium. Subsequently, these clones were then expanded in the same culture 
conditions transferred to 6-well plate wells. Cells were disaggregated to single cell suspension and 
microinjected into morula stage C57BL6/N embryos, at a ratio of 5 cells per morula. The injected 
embryos were transferred to pseudo-pregnant recipient CD1 females to be carried to term. The ESC 
clone #69 was injected into 48 embryos, which resulted in 8 new-borns. Five pups from clone #69 
turned out to be 100% ES-derived mice assessed by coat colour. 
At fertile age (2-3 months), sperm was extracted from these F0 males and IVF was performed on 
C57BL6/N oocytes in order to generate embryos. These embryos were sequentially washed and 
transferred to recipient females in order to re-derive the line into the final mouse-housing unit. F1 pups 
that were born in such unit were genotyped to confirm the transmission of the point mutation. The 13∆ 
knockout mouse model can be genotyped using the following PCR primer pair:  
Seq-FW: TCGCAGCCCTTCAAGGAAAG & Seq-13d-RV: GCAGAGAAGGATGTGTGCTGC. 
 
Validation of the muscle-specific TBC1D4 knockout mouse model 
The TBC1D4 gene is predominantly expressed in two isoforms (short and long). The long isoform of 
TBC1D4 encodes a full-length protein whereas the short isoform is lacking exon 11 and 12 (3). The 
short isoform of TBC1D4 is ubiquitously expressed whereas the long isoform is primarily confined to 
the skeletal and heart muscle tissue (3,4). Since the frameshift mutation was located in exon 11 of the 
TBC1D4 gene in the knockout mouse model, this mutation was expected to affect only the long isoform. 
In agreement, immunoblot analyses showed a complete loss of protein expression of the long isoform of 
TBC1D4 in skeletal and heart muscle tissue from the TBC1D4 knockout mouse model. In contrast, 
other organs from the TBC1D4 knockout mouse model, such as adipose tissue where the short isoform 
of TBC1D4 predominates, are unaffected by the frameshift mutation (Fig. S2). 
 
Supplementary Figure S2. Representative immunoblot of TBC1D4 in subcutaneous white adipose 
tissue (sWAT), liver, soleus muscle, and heart muscle from muscle-specific TBC1D4 knockout mice 
(KO) and wild-type littermates (WT). Coomassie blue staining was used as a loading control. 
Abundance of TBC1D4 in liver tissue is very low and thus only visible by immunoblotting following 
immunoprecipitation of TBC1D4 (5). 
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