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Galichet and Lovell-Badge. Applications of genome editing on laboratory animals, pp. 13-25
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions. 

Task 1: Prevent spontaneous or unintended disease or condition.    

TT1.13: Genetics with emphasis on control and treatment of naturally occurring and experimentally induced disease, predisposition to disease, and modes of inheritance related to diseases or conditions. 

 

SUMMARY: In order to understand the disease mechanisms and develop potential new treatments, the development of genetically altered animals has been crucial the last decades. The most common laboratory animals used to alter genes or gene expression are the fruit fly, clawed frog, zebrafish, chicken, and rodents (mouse and rat).  
 

Genetically Altered Rodents And Modeling Human Conditions: Last decades many human conditions have been investigated and modeled in rodents, mainly mice and rats, generated using the previous methods of CRISPR/Cas9 or even the CRISPR/Cas9 technique. However, other rodents have also been genome-edited for biomedical research such as Syrian hamsters for hantavirus, Ebola virus and Hendra virus investigations.  
 

Investigating Human Conditions Using Nonrodent Organisms: Physiological and anatomical similarities between larger animals, other than rodents, and humans have highlighted the possibilities for generating models for human disease conditions but there was a lack to targeted mutations. However, these possible laboratory animals of choice have not escaped from CRISPR/Cas9 genome editing development and targeted mutations have been recently performed in rabbits, goats, sheep, cattle and pigs. Non-human primates are considered ideal models for biomedical research and human conditions, although they are not identical to humans, and there are both cost and ethical implications to their use. Genome editing in primates is still an inefficient way of generating mutant monkeys and there is room for technical improvements.  

  

Genetically Altered Non-Mammalian Vertebrates: In addition to some model species of fish and frogs, new animal models are also being developed. Chicken embryos have been used by scientists for decades but genome-edited chickens have now been generated using TALENs firstly and then CRISPR/Cas9 technologies. Reptiles, a class that did not have targeted genome alteration due to technical difficulties, have also gained from CRISPR/Cas9 technology.  

  

Using CRISPR For Large Genomic Alterations: In the decade of 2011, the new technology CRISPR/Cas9, more extremely efficient, made the production of genetically altered organisms faster and cheaper, but also opened it up to non-conventional laboratory animal species. CRISPR/Cas9 relies on a guide RNA as a ‘location finder’ to target DNA double-strand breaks induced by the Cas9 enzyme.  

  

Point Mutations, Mis-Regulation And The Expanding Toolbox: Point mutations have been generated by addition of components to remove the need for a DNA repair template. These point mutations can be given by rising to the same amino acid, is produced due to redundancy in the genetic code (silent mutation) or result in a different amino acid, which may affect the protein produced profoundly. To palliate and avoid pitfalls and challenges, CRISPR/Cas mediated gene mis-regulation might be used. Conversely to chromosomal changes, small mutations as base-pair substitutions or those leading to mis-regulation could also benefit from the CRISPR/Cas toolbox.  

  

Pitfalls And Challenges: Off-target binding of the gRNA can lead to undesired mutations. Off-target events are not specific to CRISPR/Cas9 technologies and can be found with genome editing in general. Furthermore, On-target genetic alterations can also be a concern, especially if NHEJ DNA repair mechanisms are active. When a gRNA has located its target and Cas9 has initiated DSBs, indels are not predictable. Any CRISPR/Cas component delivery methods (zygote injection, electroporation or virus infection) might suffer from this pitfall. Virus administration may target unwanted cells as well. Several research groups have demonstrated that CRISPR/Cas9 technologies can generate large DNA deletions or other unwanted changes, such as gene conversion, to the genome at the target locus in mouse embryonic stem cells or in human embryos.  

  

Discussion: The models of genetically altered conventional and non-conventional laboratory animals with simple or complex genetic modifications are increasing exponentially due to the increased number and variety of genetic toolbox now available and their relative ease of use. However, even when non-conventional animals may be more suited to reflect some human disease conditions, researchers are facing hurdles in using them. These difficulties include the time needed to work with a new animal model, ethical challenges, logistics, facility costs, and the availability of methods.  

  

Conclusion: It will be requested adjustments in conventional and non-conventional animal facilities, in laboratory animals, species-specific reagents and regulatory systems in order to accommodate the new menagerie of applications of genome edition.  

  

QUESTIONS  
1. True or False. CRISPR/Cas9 technologies have permitted the removal of porcine endogenous retroviruses, which prevents cross-species viral transmission and thus improves the safety of xenotransplantation.  
2. 
Genome editing is a way to precisely modify the genome by:  
a. 
Insertion of genetic material
b. 
Deletion of genetic material  
c. 
Replacement of genetic material 
d. 
All of them are right  
3. 
CRISPR/Cas9-edited techniques in large animals have been generated particularly to:   

a. 
To improve production traits  

b. 
To generate disease-resistant animals  

c. 
To improve their welfare

d. 
To generate animal models for biomedical research  

e. 
All of them are right   

4. 
True or False. Lizards (Anolis sagrei) mutant for the tyrosinase (Tyr) gene have been generated. Tyr was chosen as, in many species, Tyr mutants are viable and have clearly visible pigmentation defects. 

 

ANSWERS  
1. 
True
2. 
d. All of them are right
3. 
e. All of them are right
4. 
True
 

Hart-Johnson and Mankelow. Archiving genetically altered animals: a review of cryopreservation and recovery methods for genome edited animals, pp. 26-34

Domain 3: Research

SUMMARY: Cryopreservation is a key tool in the preservation of GA animals. It can allow sharing of colonies, protect strains from loss of phenotype, protect strains from breeding stagnation and loss, slow genetic drift, and allow management of the strain from the freezer. Embryo cryopreservation has remained much the same over the years, but the methods used to produce the embryos have been continually developed. Traditional methods involving superovulating and mating GA stock to produce embryos are being supplanted by IVF with the advent of media that improve fertilisation rate. IVF also requires fewer stud males and is not reliant on mating success. There are several methods that can be used to boost fertilisation rates, including caffeine supplementation, laser-assisted zona drilling and using micro-droplets in the IVF. Cryopreservation must accompany accurate and comprehensive record keeping of stocks being frozen including the alleles, background, phenotype etc.

Key dates in the history of mouse cryopreservation:

· 1950s – 1960s: Successful mammalian sperm cryopreservation using glycerol

· 1976: Successful freezing and thawing of mouse embryos using DMSO

· 1984: Slow rate freezing method using combination of propanediol and sucrose gave high embryo survival rates

· 1985 – 1987: First vitrification protocols for mouse embryos to increase viability through elimination of extracellular ice

· 1990: Rapid freezing and thawing sperm/embryo method using DAP 213 (2M DMSO + 1M acetamide + 3M propylene glycol) cryoprotectant; a skimmed milk/raffinose sperm cryoprotectant used to increase the fertilisation potential of most hybrid and outbred mouse lines

· 1997: Use of sperm harvest temperature of 37°C

· 2008: Addition of monoglycerol increased sperm capacitation time raising the fertility of frozen sperm

· 2010: Ovary cryopreservation

· 2010-2011: Development of the Center for Animal Resources Development (CARD) method (i.e., addition of glutamine to the sperm cryoprotectant to maintain post-thaw motility and reduce plasma membrane damage and addition of methyl-beta-cyclodextrin to sperm capacitation medium to promote cholesterol efflux; reduced glutathione added to the IVF fertilisation medium to alleviate oxidate stress increasing fertilisation rates)

· 2012: Transportation of cauda epididymis at 4°C in Lifor® preservation medium with good fertilisation rates for up to 96 hours.

· 2013: Use of the CARD method to enhance the very low fertility observed with freezing and thawing of sperm resulting in over 80% fertilisation rates in C57BL/6

· 2013: Successful freezing of oocytes using a pre-freeze incubation of 2% foetal calf serum in human tubal fluid (HTF) based medium. 

· 2014: Full mouse IVF method published

· 2015: introduction of hyperovulation (co-injecting inhibin antiserum (iAS) with PMSG to prevent the secretion of inhibin; without inhibition of FSH production the ovary continues to produce oocytes. Superovulation produces 15 – 25 oocytes; hyperovulation produces 50 – 100 oocytes. However, hyperovulation use is limited to IVF)

· 2017 – 2018: Reliable cryopreservation of zygote

· 2018: Storage of frozen sperm at -80°C for up to 2 years, with or without the use of liquid nitrogen

Other Species
· Rats: Embryo freezing is reliable but inconsistent recovery rates for sperm cryopreservation. IVF via electroporation has been successful in the generation of GA rats

· Zebrafish: There is no viable methodology for the cryopreservation of fish oocytes or embryos due to their large size and structural complexity. There is a large variation in outcomes following sperm cryopreservation

· Xenopus: Sperm cryopreservation has been successful

· Birds: Sperm cryopreservation has been successful. There is increasing success in the preservation of primordial germ cells

· NHPs: Variety of methods for the collection and cryopreservation of NHP sperm. AI is moderately successful. IVF is variable and not universally applicable.

 

QUESTIONS

1. 
In which ONE of the following species has IVF been successfully used:

a. 
Zebrafish

b. 
Xenopus spp.

c. 
Non-human primates

d. 
Birds

2. 
In mice, why is the use of hyperovulation limited to IVF rather than in combination with mating? Select the CORRECT answer.

a. 
The optimum age for hyperovulation of female mice is 8 weeks whereas the optimum age of female mice used for superovulation is 3 – 5 weeks

b. 
Hyperovulation results in dense cumulus-oocyte-complexes and the sperm is unable to penetrate in vivo

c. 
Welfare issues caused by the hyperovulation result in few female mice surviving the procedure

d. 
The oocyte yield following hyperovulation is very low and would require use of a large number of female mice

 

ANSWERS

1.
c

2.
b

Caso and Davies. Base editing and prime editing in laboratory animals, pp. 35-49

Domain 3 

SUMMARY: Over the years, techniques have been developed to deliver the CRISPR/Cas system into laboratory animals for the generation of genetically modified animal models. The discovery of CRISPR/Cas systems has had a substantial impact on the ability to modify the genome of laboratory animals. By editing the genome, the system can disrupt target sequences (knock-out) or introduce specific sequences into the genome (knock-in). However, there are some limitations, such as non-specific DNA damage due to the double-strand break (DSB) that conventional CRISPR induces.  

Base and prime editing have the advantage to target point mutations avoiding the introduction of DSB and, therefore, its consequences. Thus, this technology can be used for modelling multigenic disorders in animal models and could also be adapted for gene therapy.  

Cytosine (CBE) and adenine base editing (ABE) have facilitated the induction of precise base conversions generating animals models carrying mutations to those associated with human diseases. However, there are still some limitations to base editing. Some studies revealed that incorrect mutations can be caused either by the wrong target base being converted within the activity window, an incorrect base conversion or by indels. ABE presents less percentage of unwanted conversions and lower levels of non-specific mutation as opposed to CBE although both have more unwanted mutations than homology-directed repair (HDR) by conventional CRISPR editing. 

Base editing is not able to insert or eliminate large sections of DNA. In response to this limitation, prime editing enables small and large insertion and deletions of DNA with relatively low indel rates. However, it still presents a series of unwanted conversions. Nevertheless, continued application of both base and prime editors will allow continued improvements in the generation of animal models and gene therapy. 

 

QUESTIONS (True or False)
1.
Adenine base editing is more accurate than cytosine base editing. 

2.
Base editing is a tool that improved all the undesirable consequences associated that occur with classical CRISPR editing approach.  

3.
One of the objectives of developing and optimizing base editors is to impact welfare by decreasing the risk of unwanted mutations. 

4.
Base editing is still not able to tackle all base conversions, nor insert or eliminate larger sections of DNA.  

5.
Primer editing is an improved version of base editing. 

 

ANSWERS 
1.
True 

2.
False 

3.
True 

4.
True 

5.
False 

Panda and McGrew. Genome editing of avian species: implications for animal use and welfare, pp. 50-59

Domain 3: Research 

Tertiary Species: Chicken (Gallus domestica) 

SUMMARY: Genome editing (GE) is a method for the rapid introduction of precise changes into an organism’s genome as meganucleases, zinc finger nucleases, TALENs, and CRISPR/Cas9. All of this nuclease tools generate precise genetic changes through double-stranded breaks (DSBs) at specific locations in the genome. After the nucleases activity, the cellular homology-directed repair (HDR) pathway has been exploited to generate defined small genetic deletions, insertions, single base-pair changes in a gene, and even the directed integration of large exogenous transgenes precisely into the host cellular genome, leaving no further modification in the genome (footprintless editing). 

GE avian models to investigate disease-resistance are of special interest to the poultry industry, as well as to address key unanswered questions in developmental biology, immunology, physiology, cell biology and neural biology are also important to life scientists. Authors describe in this article a review of the advances of GE tools in the chicken and  other avian species. 

GE Of Bird Species: This figure summarize the protocol to obtain genetic merit calves versus the natural reproductive cycle of a chicken.
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In contrast to mammalian species, avians have a unique reproductive physiology as well as distinctive structure of the ovum and pre-gastrulation stage embryo. Macrolecithal ovum is released from the ovary surrounded by a tough vitelline as a protective layer around the deposited yolk. After being rapidly fertilised by stored sperm of the female  sperm glands, a single-cell zygote consists of a small pool of cytoplasm containing the fused pronuclei on the surface of the large yolk mass. The zygote takes approximately 24 h to pass through the oviduct region, into infundibulum and into cloaca for laying of the egg. In this journey, zygote has undergone multiple rounds of cleavage and the pool of cytoplasm has developed into the blastoderm layer consisting of many tens of thousands of undifferentiated cells. In this situation, a simple straightforward one-cell embryo microinjection procedures of generating genome edited mammalian embryos cannot be easily replicated in birds. 

Avian embryonic stem cells derived from the blastocyst stage embryo have been used to be genetically modified in vitro and differentiated into any cell type of the body (as performed in mouse); but no evidence of germline transmission using cultured embryonic stem cells has been reported for chicken or other bird species. This may be because the germ cell lineage, cells that are destined to form sperm and oocytes, are present and segregated as a ∼ 50 cell population in the blastoderm of the laid avian egg. 

Methods Used For CRISPR/Cas9-Mediated In-Ovo GE And Direct Electroporation Of Embryos In Birds: CRISPR/Cas9 genome editors are proving highly efficient at modifying the target species genome, these vectors are revolutionising efforts to manipulate the genome of birds. Direct in ovo electroporations of CRISPR/Cas9 plasmids into the embryo can lead to GE of the electroporated embryo, with the advantage that the developing avian embryo is directly accessible through a hole made in the surrounding eggshell. 

Embryonic Vascular System Injection, In Vitro Propagated Avian Primordial Germ Cells (PGCs): The direct injection of Tol2 transposon vectors into the vascular system of young embryos to target the germ cells during their migration through the circulation, has been successfully performed in chickens and quails, but the efficiency for transmission is quite low <1%.
As an alternative, genetic modification of PGCs and later inoculation in the blastoderm vascular system to colonize the gonad of a surrogate host embryo: 

· PGCs of birds are the progenitors or precursor cells of the sperm and oocytes. In freshly laid chicken eggs, as mentioned above, there are approximately 50 PGCs located within the centre of the blastoderm which contains approximately 40,000–60,000 cells.

· PGCs migrate to the anterior germinal crescent from where 100–200 PGCs enter the embryonic circulatory system at 48–60 h of incubation before migration to the forming gonad. 

· PGCs from chicken embryos can be isolated and cultured indefinitely, keeping their commitment to the germline and germline competency.

· Cultured PGCs can be genetically modified by current nucleases techniques

· PGCs keep their ability to colonise the gonad of a surrogate embryo, form functional gametes and offspring when the surrogate hosts are subsequently bred

Use Of Avian Sterile Hosts To Address The Principles Of The 3Rs: A key challenge for GE of bird species is to efficiently produce GE offspring from the mosaic founder or surrogate hosts without breeding hundreds of non-GE offspring. The most successful method is by injecting exogenous edited PGCs intravenously into stage 15–16+ HH (Hamburger Hamilton) surrogate embryo in windowed eggs, but exogenous PGCs still compete with endogenous PGCs to form functional gametes. 

Other option is the previous generation of sterile hens. 2 models of sterile surrogate hosts: a TALEN-mediated knockout of the germ cell determinant, DDX4 (DEAD-Box helicase 4) which resulted in sterile hens, and CRISPR/Cas9 insertion of an inducible transgene insertion (iCaspase9) which generated sterile roosters and hens. In this way, there is no competition for exogenous genetic modified PGCs and it is easy to acquire G0 chimeras and shorten the time to obtain pure GE animals. 

In conclusion, this figure resumes the most success procedures to obtain GE birds. 
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QUESTIONS
1.
Which one of these 2 conserved cellular machinery pathways is most likely to be able to result in small genetic insertions or deletions during a genome editing procedure? 

a.
The non-homologous end-joining (NHEJ) pathway 

b.
The rarer homology-directed repair (HDR) pathway 

2.
T/F: The transmission of a genetic modification to the germ line by gene editing of embryonic stem cells of the blastoderm, is more difficult in birds because a small segregated cell population which are already differentiated and as germinal line, unlike in mammals which occurs later. 

3.
Which is the 'sire dam surrogate (SDS) mating' to lead the generation of pure GE offspring in one generation (fulfilling the 3Rs concept)? 

a.
Direct mating of G0 sterile host roosters with hens carrying GE donor PGCs 

b.
Direct mating of G0 chimeric host roosters and hens carrying a 90% of chimerism 

c.
Direct mating of G0 chimeric host roosters with hens carrying GE donor PGCs 

d.
a and c are corrects 

e.
None is correct 

ANSWERS 

1.
b 

2.
True
3.
a 

Tröder and Zevnik. History of genome editing: From meganucleases to CRISPR, pp. 60-68

Domain 3: Research (Replacement, Reduction and Refinement techniques)

 

SUMMARY: Genome editing has revolutionized biomedical research over the last 50 years.  In 1974, Rudolf Jaenisch demonstrated that viral DNA injected into blastocysts of mice led to stable integration in the genome.  The first transgenic animal was developed as a result and that discovery paved the way for the ground-breaking technological advances in the 21st century.  Zinc finger nucleases and meganucleases were discovered in the mid-1980s and helped overcome the limitations associated with random integration of DNA into the genome.  Zinc finger nucleases (ZFN) have DNA sequence specific binding capacity allowing for more targeted integration.  Zinc fingers were used to correct the human SCID mutation in vitro.  TALENs were discovered in 2010 and are easier to generate than ZFN. 

 

The CRISPER/Cas system was discovered in 1987 for use in bacteria but not utilized in genome editing until 2007.  The CRISPER/Cas system can target desired sequences in DNA and has naturally occurring endonucleases making it a superior system for genome editing.  In certain CRISPER system, only a single CAS protein, Cas9, confers DNA cleavage which is critical for its activity.  Soon after it benefits were demonstrated in vitro, the Jaenisch lab generated mice with multiple KO and conditional KO by zygote injection which demonstrated the utility of the system in vivo.  CRISPER/Cas9 is still the most popular programmable Cas nuclease system for genome editing but there are others depending on what is needing to be targeted.  CRISPER/Cas13 is an RNA editing system allowing for genes to be knocked down but not removed.    

 

Although genome editing is exciting, especially when considering the therapeutic benefits and potential for curing genetic diseases, there are significant consequences that must be considered when using an imperfect system.  One major disadvantage of genome editing is off target mutations that can occur.  These would be especially detrimental in long-lived animals and humans.  For that reason, extremely strict quality control and continued research to refine techniques is needed before the advances that have been shown in rodents will be able to be fully deployed in humans.  Research using prime editing holds promise for future clinical applications in animals and humans as it has exceptionally high specificity.  Gene editing has revolutionized biomedical research and the potential for future applications is truly amazing.  Gene editing will not reduce the number of animals needed for research (3 R’s) but will help avoid extensive breeding for a specific strain background and will tailor the animal models to the specific research objectives and targeted disease processes.   

                     

QUESTIONS

1. 
What does the acronym TALEN stand for and what model were they discovered in?

2. 
What does the acronym CRISPER stand for?

3.
Who was awarded the 2020 Nobel prize in Chemistry for discovering CRISPER genome editing?

4.
What is one major disadvantage of genome editing?

5.
T/F: Base editors can only convert certain nucleotides and cannot introduce deletions or insertions

ANSWERS

1. 
Transcription activator-like effector nucleases.  Originated from TALE proteins in plant pathogenic bacteria of the genus Xanthomonas
2. 
Clustered Regularly Interspersed Short Palindromic Repeats

3. 
Emmanuelle Charpentier and Jennifer Doudna

4. 
Off-target modifications which represents undesired mutations, especially in long-lived animals

5. 
True
 
Bunton-Stasyshyn et al. Screening and validation of genome-edited animals, pp. 69-82

Domain 3: Research

 
SUMMARY: The article first briefly describes the traditional gene targeting approach by delivering fully validated embryonic stem cells (ES) into Blastocysts and the newer gene editing technology by using targeted nucleases such as TALENS or CRISPR-Cas9. The traditional method of gene targeting pictured on the left show that the validation steps are done in vitro. For the new gene editing methods (pictured on the right) the validation has to be done in live animals. This means that more animals need to be breed with the new technologies, because the full validation is delayed until the G1 generation.

[image: image3.jpg]



The article then describes the different methods for the validation for different types of genetic modifications (i.e. deletions, indels and point mutations, larger knock ins such as tags, reporters or Cre coding sequence and floxes alleles, screening for off-target activity). The specific strategy for screening and validation depends on the category of allele engineered, as the initial aim is to confirm the presence of the desired allele, followed by genotyping and definitive validation of the transmitted allele in G1 animals. Full validation requires more than one assay in order to detect the desired sequence change and to exclude other changes. The tools for genomic validations include polymerase change reaction with gel electrophoresis, Sanger sequencing, copy counting assays for example droplet digital PCR or quantitative PCR.

The article further describes the challenges and failures of genome editing which include unwanted allelic variants, silent mutations, gene conversions, deletions, imperfect or additional insertions and off-target sequence changes. Because of the mosaicism of gene edited animals alleles identified in G0 founder animals may not transmit to the G1 progeny. Conversely, some alleles can be found in G1 animals that were not detected in their G0 parents. Additionally even when a thorough genomic validation has identified an animal with the precise desired mutation this is no guarantee that the edited gene will behave as predicted. Post-genomic validation of the animal has to be performed and can be broadly split into either transcriptional or translational analyses. The methods for transcriptional analysis are reverse transcriptase PCR (RT-PCR) often followed by sequencing, rapid amplification of cDNA ends (RACE), quantitative RT-PCR techniques such as qPCR and ddPCR. The classical method to identify translational consequences is the western blot. All these analyses rely on some prior knowledge of the transcripts to be detected. For an unbiased analysis, mass spectrometry could be used.

3Rs consideration for genome edited animals require a new kind of welfare assessment. While classical transgenesis by homologous recombination limits the risks of welfare implications in founder animals to rare mutation with dominant effect, direct genome editing of early embryos represents a different burden of mutagenesis in founder animals. Phenotypes associated with the function of the gene of interest and possibly off-target loci commonly arise at the founder generation in the process of editing animals. These founders require particularly intensive welfare observations.

The article concludes that genome editing is a simple concept but its implementation remains a challenge as the technology creates both genetically complex animals and unpredictable genetic changes. The assays that are used to identify the desired outcome must be tailored to the type of modification and no simple assay will address all possible allele types.

QUESTIONS
1. 
When does validation of the allele of interest occur in the traditional gene targeting approach?

a. 
In-vitro at the level of the design of the genetic vector

b. 
In-vitro prior to injection into 2.5 day Blastocysts

c. 
In-vivo at the G0 generation

d. 
In-vivo at the G1 generation

2. 
When does validation of the allele of interest occur in the more recent gene-editing process?

a. 
In-vitro at the level of the design of the RNA

b. 
In-vitro at the injection into 1 cell stage embryo

c. 
In-vivo at the G0 generation

d. 
In-vivo at the G1 generation

3. 
Direct genome editing represents a different burden of mutagenesis than traditional gene targeting approaches, and frequently both alleles are modified in the process. What are the welfare implications?

a. 
There are no particular welfare implications

b. 
G0 animals often show phenotypes associated with the function of the gene of interest and therefore require particular intensive welfare observations

c. 
G1 animals often show phenotypes associated with the function of the gene of interest and therefore require particular intensive welfare observations

ANSWERS
1. 
b

2. 
d

3. 
b

COMMENTARY
Kühn. Genome engineering in rodents – status quo and perspectives, pp. 83-87
 

The paper is a review/commentary and does not include animal experimentation and does not describe new data.
 

SUMMARY: Engineering of mouse genome has proven extremely useful for understanding the function of genes in vivo and over the years key discoveries opened up new routes for research. 1987 started the first gene targeting by homologous recombination in mouse ES cells, was later refined to conditional gene targeting using Cre/loxP and the third key development was the application of CRISPR-Cas9 nuclease system in 2013.

 

CRISPR-Cas9 boosted gene editing in one-cell embryo and has evolved since 2013 in the production of germline mutants. More edited lines can be generated in shorter time  with fewer resources, enabling large scale mutagenesis. Delivery of CRISPR reagents became more convenient and reliable.

1st  Application: Classical Approach Using Homologous Recombination
1. 
KO alleles easily produced without targeting vectors using gRNAs

2. 
CRISPR reagents replaced in vitro transcribed RNAs with recombinant Cas9 proteins and synthetic gRNAs

3.  
Establishment of protocols for batch electroporation of zygotes (vs serial microinjections)

4. 
Delivery of targeting vectors with a size of several kb with zygote electroporation to which half or more of the pups born has desired founder mutations.

5. 
CRISPR- Cas9 has an even greater impact for rat genetics in enabling target manipulations of the rat genome.

2nd application: gene manipulation directly in somatic cells

6. 
CRISPR-Cas9 application in gene manipulation directly in somatic cells in/ex vivo, which makes gene editing for the therapy of monogenetic diseases and has been successfully used for therapeutic gene editing in liver, muscle, or whole body of newborn or adult mice. (currently delivered by AAV vectors but seeking to replace this with non-viral delivery)

7. 
CRISPR application for knockout or precise mutagenesis of target genes for cancer modelling.

3rd Application: Just emerging or not yet realized but theoretically feasible. Potential future application could be efficient multiplex gene editing like studying polygenic traits, redesigning a strain with new traits such as resistance to viral pathogens, or repairing genetic defects of lab strains due to inbreeding etc.

 

Conclusion: CRISPR technology could liberate mouse geneticists from the historic origin of inbred strains which is an endeavor intractable pre-CRISPR era. The CRISPR gene editing in rodents has already  brought advancements and highly likely will still further expand and make genetic modelling a more fascinating scientific endeavor.

 

QUESTIONS

1.
The first gene targeting by homologous recombination of mouse ES cells was first witnessed in what year?

2.
T/F: Higher homologous frequencies can be obtained by using linear double stranded DNA donor molecules or by using long single stranded DNA donors

3.
T/F: CRISPR reagents are currently mostly delivered to somatic cells by AAV vectors

ANSWERS

1.
1987

2.
True

3.
True

 

	


Davies et al. The social aspects of genome editing: publics as stakeholders, populations and participants in animal research, pp. 88-96

Domain 3: Research

 

SUMMARY: The article focuses on the social implications that the subject of genome editing may have when connected to animal research. The authors underline how this connects to a widely different set of policy concerns and public conversations, based on the targeted groups of persons.

 

More in detail, the authors give an overview of three key roles that publics are playing in conversations about genome editing applied to animals in biomedicine; these are indeed identified as: stakeholders, populations, and participants in research.

In each case, the authors explore how the different research techniques are used to recruit and to represent these publics, focusing on surveys and public dialogue, biobank participation and patient involvement.
Some of the data and considerations shared in this article refer to the 2019 instalment of the UK Government´s “Public Attitudes to Science” survey as well as the 2017 Royal Society´s public dialogue which consisted of three deliberative workshops and a national survey. The workshops sought to identify the frames and contexts that moderate the public acceptability of developing UK research into genetic technologies, while the survey aimed to provide “clarity on the applications that a majority of the public, do or do not support, why and under what conditions”.

This process has indicated the very complex role of the public: it thus recognizes the public stakes in genome editing, the importance of having debates in public and the legitimacy conferred by measuring public opinion. It was also observed how that feedback received did not always align.

 

According to this paper, the three different “publics” outlined above and the quality of the  information that is available to the public itself are useful for considering why, how and when to involve publics in discussions about the application of genome editing to animal research; they indeed help describe why diverse public views do not easily aggregate into a picture of what the public thinks about genome editing and explain how contradictory perspectives can emerge from everyday experiences.

 

According to the authors, more attention is needed to better understand the multiple roles that different publics play (and are expected to play) in future development of genomic technologies.

 

QUESTION (True or False)
1. Regular polls on animal research have been a significant resource for regulators, scientists, and campaigning groups.

 

ANSWER
1. True. These opinion polls have been useful for example to give indication on the continual conditionality of public support for animal research (when no alternatives are available) and the variations in public trust.[image: image4][image: image5][image: image6][image: image7][image: image8][image: image9][image: image10][image: image11][image: image12][image: image13][image: image14][image: image15][image: image16][image: image17][image: image18]
