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Supplemental Data 

Supplemental Data include 3 figures and 2 tables. 
 

Figure S1 

 
 
 
Figure S1. Mutations in the kinase domain of CIT-K cause primary microcephaly  
(A) Sequencing chromatograms illustrating CIT mutations in the affected children. (B) 
Evolutionary conservation of the residues with patient mutations across the animal kingdom. 
(C) Kinase domain conservation among CIT-K and other AGC kinases. The residues with 
patient mutations are marked with black boxes. The sequence alignment was performed using 
Vector NTI (Invitrogen). (D) The crystal structure of the kinase domain of ROCK1, with residues 
with patient mutations labeled. Hydroxyfasudil, a competitive inhibitor of ATP, is marked with 
arrowhead showing the ATP binding pocket. The kinase domain and residues of ROCK1 were 
viewed by PyMol (https://www.pymol.org). 



  

Figure S2 

 
 
 
 
Figure S2. Expression level and localization of CIT-N in patient-derived NPCs  
(A) Representative immunocytochemistry images of PAX6+ NPCs differentiated from iPSCs. 

Scale bar = 10µm. (B) Relative mRNA level of CIT in affected and control NPCs. (n=3 cultures 
for each group). Student’s t test. Bar graph: mean ± s.e.m (C) Representative 
immunocytochemistry images for CIT-K (white arrowhead) and midbody marker Aurora kinase 
B (AURKB) (yellow arrowhead) during cytokinesis in NPCs with absent, heterozygous or 
homozygous CIT mutations. The localization of CIT-K and AURKB was indistinguishable 

among all conditions. Scale bar = 10µm. 
 

  



Figure S3 

 
 
Figure S3. Identification of correctly-targeted iPSC clones in genome editing 
(A) Forward primer F1 outside the 5’ recombination arm, reverse primer R1 inside the 
puromycin cassette. This PCR allowed identification of iPSC clones with homologous targeting 
vector recombination. (B) Forward (F2) and reverse (R2) primers outside of Exon4 and the 
puromycin cassette. A ~2500 bp band represented the recombined allele, and a ~1500bp band 
represented the unmodified allele. Clone #35 and #36 were homozygous for homologous 
recombination, and were chosen for downstream studies. (C) Sanger sequencing confirmed 
c.317G>T mutation corrected in clone #36. (D) PCR identification of clones with LoxP-Puro-
LoxP cassette removal. A ~2500 bp band represented the corrected allele, and a ~1500bp 
band represented removal of the LoxP-Puro-LoxP cassette. Clone #36-2 and #36-3, with 
LoxP-Puro-LoxP cassette removal on both alleles, were used for downstream studies.  
 



Table S1 Genetic variants identified in each family from exome sequencing 

Family 718

Family 1379

Family 1924

Abbreviations. Chrom, chromosome; pos, position; ref, reference; mut, mutation. 

 



Table S2 Additional variants identified in 1379-B1-1 from exome sequencing 

We identified additional compound heterozygous variants and dominant variants in subject 

1379-B1-1.  

Compound heterozygous variants 

 

Abbreviations. Chrom, chromosome; pos, position; ref, reference; mut, mutation; HGVS, 

Human Genome Variation Society; HGVS_c, cDNA location; HGVS_p, protein location.   



Dominant variants  

 


