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Some Advantages of the Xenopus System 
Large Numbers of Synchronously Developing Embryos 
 
Validated Fate Maps and Powerful Lineage Tracing 
 
Lateralized Injections and CRISPR Mutagenesis – particularly 
powerful for studying bilateral tissues and organs 
 
High Conservation of Genome to Human 
 
Organs Most Aquatic Models Lack - including septated heart 
ventricles, mucociliary epidermis, limbs, lungs 
 
Ease of Tissue Explants / Transplants and Organ Culture 
 
Excellent System for Studying Regeneration 
 
Embryonic Stem Cell Explants that Lineage Restrict in Culture  
On the Same Time Scale as In vivo (~7hrs) 
 
Rapid Inexpensive Validation of Mutations implicated in Human 
Diseases and Disorders  
 



Development and Evolution of the Vertebrate Neural crest 
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Essential Xenopus Resources 

Xenbase is critical to maximizing NIH’s investment in Xenopus research. Without Xenbase most 
Xenopus research data would be lost in the literature, not accessible by computer searches and not 

linked to humans or other species/models 

P41 HD064556



Essential Xenopus Resources 

•  Xenopus genes and expression linked to humans and other models 
•  Xenopus phenotypes and models of human disease  
•  Genomes with all public RNA/ChIP-seq data from GEO 
•  Integrates gene expression and functional genomics 
•  Research Community focal point, education and outreach 

Xenbase has one of the most advanced systems for genomics support - reprocessing all of 
the public data in GEO with a standardized pipeline with sophisticated visualization tools.  

MGI and ZFIN are interested in adapting Xenbase’s system 



Essential Xenopus Resources 

Xenbase has the most advanced 
phenotype ontology (Xenopus 
Phenotype Ontology: XPO) that allows 
Xenopus phenotypes to directly link to 
human diseases and to other species.  

NAR (2020) gkaa1043



Essential Xenopus Resources 

§  Maintains and distributes transgenic/mutant/inbred frogs
-over 250 different lines – including as frozen sperm

§  Holds Advanced training workshops
      -genome editing, advanced imaging and bioinformatics
§  Hosts visiting researchers -short term projects taking advantage of lines
      available at the NXR
§  Custom transgenic and knockout frogs -currently working on generating 200 

germline CRISPR mutants

Marko Horb 



Study Example: 
Whole brain genetic analysis of ASD risk genes in Xenopus 

5 days!

$25 per gene- 5 days!

All Neurons Progenitors Excitatory Neurons

Inhibitory Neurons MicrogliaAstrocytes

Helen Willsey | UCSF



ASD risk genes and estrogen converge during neurogenesis

Gene 1! Gene 2!

Gene 3! Gene 4!

Neural !
Crest!

Migration!

Motor !
Neuron!

Synaptic !
Transmission!

Midbrain!
Specification!

Gut looping!

Phenotypic Convergence!

Drug Screening: Estrogen Rescues!
Willsey, et al., Dev Bio 2018
Willsey & Xu, et al., Development 2020
Willsey, et al., resubmitted
Rosenthal & Willsey, et al., under review
Exner & Willsey, genesis, accepted

Changes in Forebrain Growth!
(Neurogenesis)!

Helen Willsey | UCSF



Other examples of modeling of Human Disease Genes 

Face Validity – Construct Validity – Predictive Validity 



Examples of Established Vertical Integration 

Mustafa Khokha 



Examples of Established Vertical Integration 

Ectrodactyly, club feet

Multicystic kidneys



Examples of Established Vertical Integration 

Demonstrated Face Validity for Trachea-Esophogeal Birth 
Defects -  Used  Xenopus to study de novo mutations 

from newborns to define the cell biology of these 
congenital defects – then confirmed in humans 

P01 HD93363

Aaron Zorn



Technologies Needed to Refine Validation 
 

•  Knock-in Technologies to Tag Proteins in Frame 

•  Improved CRISPR-based Generation of Disease Alleles (Humanized Frogs) 

•  Fuller set of Validated Antibodies 

•  Additional Transgenic and Mutant Lines 

•  Large Scale Protein Interaction Data 

Continued Support of Xenbase and NXR is Essential to the 
Xenopus Community 

 



Other Points: 
 

Science needs a large and diverse set of research organisms – 
there is no perfect model 

 
There is currently an over-reliance on a small number of 
organisms to the detriment of advances to human health 

 
Study Sections need better education re the need for and 

advantages of different research organisms 
 

Taking better advantage of organisms in which disease modeling 
is rapid and inexpensive can speed results to patients 

   


