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2. Mutation analysis

4. Understanding the pathophysiology

5. Treatment (drug discovery)

3. Determine the functionality of mutated alleles

1. Patients (Specific clinical phenotype)

Generation of cellular and animal models

Time frame



The yeast and how yeast models have been
used in CDG

 Prototype of eukaryotic cells
 Rapid doubling time
 Simple culture conditions
 Easy to handle
 Genome sequenced
 Libraries of yeasts strains deleted



GDP

Yeast models have been used to characterize known and novel mutated patient alleles (CDG-I) in
quantitative growth and enzymatic activity assays, and used as patient avatars for CDG drug
screens yielding compounds that could be rapidly cross-validated in zebrafish, rodent and human
organoid models.

Used to determine the functionality of 
mutated alleles



Used to understand the pathophysiology

TMEM165-CDG
⚫ GDT1 is the ortholog of TMEM165 in yeast

⚫ Strong sequence homology WT Δgdt1
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CRISPR/ Cas...a Revolution
What is the CRISPR/Cas system? 

 CRISPR-Cas9 works like a pair of scissors capable of cutting
the genome precisely.

 The DNA sequence is targeted by a small RNA called
“guide” and the DNA is cleaved by the nuclease Cas9. The
complex formed binds to a specific DNA sequence,
complementary to the guide RNA. This binding is followed by
a double strand cut of the DNA by Cas9.

 DNA repair mechanisms can subsequently be used to
introduce precise mutations.

 Researchers can manipulate DNA to suppress the function
of a gene or replace it with a modified gene (the so-called
“homologous recombination” method).



Animal model
Ongoing for CDG

Cellular models for functional studies
Generation of many KO cells for genes 
involved in glycosylation 
(directly and indirectly)

Cellular models of PMM2-CDG, COG, 
Man1B1, TMEM165-CDG

Fundamental Research

How can CRISPR/Cas be used ? 
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• Galactose:1mM
• GlcNAc : 5mM
• GlcNH2: 5mM

Mn2+/ Galactose therapies on TMEM165-CDG patients



Genetic therapy

Cure a deficient organ
2014, Daniel Anderson (MIT), Tyrosinemia, Replacement 
in mice of the mutated gene.

Decrease of the cholesterol level
Feng Zhang (MIT), Inactivation by Crispr-Cas a gene 
involved in cholesterol synthesis in mice.

Ex vivo CRISPR gene editing in human stem 
cells
2015, Linzhao Cheng repaired the sickle cell mutation in 

a patient's hematopoietic stem cells (HSCs).

How can CRISPR/Cas be used ? 



Dr. Eric Olson, Director of UT Southwestern’s
Hamon Center for Regenerative Science and
Medicine Science magazine

Breakthrough



But...........................

 CRISPR defines bright future of the technology BUT the complexity of the human genome is 

high (3.5 billion pairs of bases, 88 million (2.5%) are different single nucleotide polymorphisms 
(SNPs) – they make us different from one another).

 Several parameters however need to be fixed: 

Preclinical and clinical assays to determine,

Side effects on patients health,

Immunogenic responses to vector carriers,

Off-targets and possible drawbacks on over all genome.



Main conclusions and future perspectives

 Theoretically CRISPR/Cas9 can correct any genetic mutation and can then be used
for CDGs.

 This can also been performed on gametes or early stage embryos to prevent the
disease from propagating to the next generation.

 The amazing power of CRISPR-Cas9 raised ethical concerns, particularly with regard
to the possibility of generating heritable changes in the human genome (Janet
Rossant, Development 2018).


