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Abstract

In preparation for a research paper about the issue of gene editing this annotated bibliography illustrates different types of research done within the gene editing field. It also demonstrates many of the difference stances and concerns in relation to the efficacy and safety of the gene editing processes. These concerns have led to a discord among scientists whenever this topic is spoken of. The relevancy of each source to the topic will be explained in this work. 
Belluck, P. (2018). Chinese Scientist Who Says He Edited Babies’ Genes Defends His Work. 
New York Times.
Pam Belluck talks about the work of a scientist, Dr. He Jiankui and describes the response from the scientific community. Dr. He claims to have removed genes from twin girls that are linked to the susceptibility to the HIV virus. He did so without getting appropriate approvals and did not release information about the study until after it was completed. Many scientists believe he acted shamefully, violating ethical codes and ignoring laws to conduct this research. This occurrence has a negative impact within the scientific community because of the ignorance of safety and/or moral code. Dr. He defended his work saying he informed parents of risks, allowing them to opt out and denying that he hid his work from the world. However, he did not disclose to the public any anticipation of such research and it was only made public after the experiment took place. The public currently has no solid proof that his experimentation succeeded due to his secrecy. This is relevant because it has brought negative publicity to the world of gene editing, yet shows that effective gene editing is possible. 

Liang, P., Xu, Y., Zhang, X., Huang, R., Zhang, Z., Xie, X., Chen, Y. Li, Y., Sun, Y., Bai, 
Y., Songyang, Z., Ma, W., Zhou, C., Huang, J. (2015). CRISPR/ Cas9-mediated gene editing in human tripronuclear zygotes. Higher Education Press, 5, 363-372.

These researchers/authors are aware of the risks associated with gene modification, as well as the ethical issues within the field. They have resorted to testing on what is referred to as tripronuclear embryos, or embryos with more than one sperm which do not develop successfully. These embryos are pre-existing, in that they were not created for scientific experimentation and were meant for the use of in vitro fertilization. The use of these embryos is not considered unethical because they would normally be discarded. Testing on these kinds of embryos should eliminate ethical concerns of throwing away embryos that would normally be viable. The researchers have tried to further examine the process of targeting a specific gene by looking specifically at off-target sites that have occurred most often. Researchers found that it was almost impossible to predict the unwanted outcomes when using CRISPR/CAS-9, comparing its unpredictability to that of cancer. They suggest a lot more research needs to be done before applying gene modification in a clinical setting. This information is relevant because it demonstrates instances in which safety concerns need to be addressed.   
Savulescu, J., Pugh, J., Douglas, T., Gyngell, C. (2015). The moral imperative to continue 
gene editing research on human embryos. Higher Education Press, 476-479
The authors of this article see a future in gene editing and believe the causes to continue research in this field are of great importance. They suggest that gene editing can indeed be used to “eradicate” certain strains of disease and despite others’ ethical concerns, there are ways to conduct such research without violating one’s moral codes. This can be done through using embryos created for in vitro that are not eligible for implantation due to the quality of the embryos and their likeliness to cease development in future stages. If enough research is done, this could actually lead to a lesser amount of embryos being discarded by clinics in these instances. They also state that abuse of practice can be avoided by regulating the qualifications to have such a procedure done, similar to those receiving lasik surgery. Authors in this article speculate why gene editing is so controversial when there are other treatments on the market and almost all have some kind of negative side effects. It is emphasized that the research on gene editing should be allowed to continue since it can be done in a non-harmful, ethical manner. With further research, scientist can learn how to minimize the risk of off-target mutations and apply these practices in a clinical setting. This is relevant because it gives the perspective of optimism within gene editing and highlights the main reasons why gene editing can be beneficial


Wu, Y., Liang, D., Wang, Y., Bai, M., Tang, W., Bao, S., Yan, Z., Li, D., Li, J., (2013). 
Correction of a Genetic Disease in Mouse via Use of CRISPR-Cas9. Cell Stem Cell, 659-662

This article demonstrates early research regarding gene modification in some of the first living organisms. Researchers in this article have conducted gene experimentation on mice in attempts to eliminate the cataract, which is passed down genetically. In these experiments, the mutations of Crygc genes were targeted through coinjection of zygotes. Multiple methods were used in order to compare the risks of off-target mutations. Researchers were able to eliminate cataracts in these mice, with a small amount of off-target mutations in some of the subjects. The modification of genes was even passed down to the next generation. Researchers wonder if the same process can be applied on the human level, specifically concerning diseases. If a disease linked gene is able to be modified in one generation and is subsequently passed down, the possibility of contracting the targeted diseases could be eradicated entirely. This is relevant because it highlights an instance where safety concerns are effectively addressed and proves that the process can be done with minimal negative side effects.   

Page, M., (2019). Exclusive: Five Couples Lined Up for CRISPR Babies to Avoid Deafness. 
New Scientist.

In this article a Russian biologist’s intentions of conducting gene editing research is made apparent. He initially wanted to conduct research on couples conceiving with an HIV positive mother but has since shifted to couples that are both deaf. These couples involve individuals that both carry recessive forms of deafness and would pass down their deafness to their conceived child, without a doubt. Rebrikov believes this chosen area of study is prominent because alternative methods, such as preimplantation genetic diagnosis would not serve a purpose here due to the fact that all offspring produced from these couples will be deaf. Some support his research stating that since there are no other alternatives, this is a classic case where gene editing could prove beneficial. Others argue that this research is not necessary because deafness is not life threatening and gene editing should only be used in life threatening instances. His transparency in the initial process has to be commended, especially when comparing to the work of Dr. He who did not disclose any information on his experiments upfront. He will later seek approval from the appropriate boards when has made the final preparations to begin his study. This article serves as a balancing act for the irrational actions of Dr. He and involve a scientist being open about his intentions to conduct research. This kind of transparency is appealing to both the public and researchers.
Lewis, T., (2019). Scientists Seek Better Guidelines for Editing Genes in Human Embryos. 
Scientific American.

The works of Dr. He and the anticipated work of Denis Rebrikov has prompted a review of the current guidelines in gene editing. The International Commission on the Clinical Use of Germline Genome Editing has met in Washington, D.C. with hopes to come to a consensus on the matter. They are currently developing a set of parameters that should be adhered to if experimentation in germline editing is allowed to continue. However, most individuals in attendance are against gene editing, siting that the experimentation on embryos in unethical. They also agree that it is dangerous in that the outcomes are unpredictable. There have been suggestions of allowing it under strict conditions but this seems highly unlikely due to the amount of individuals opposed to the practice. Nevertheless, the committee has yet to come to a final decision and hopes to reach one by 2020. This decision may or may not be based on the recommendations of the World Health Organization who will also release a report on gene editing in 2020. This is relevant because the potential for abuse is of grave concern if gene editing ever reaches the clinical setting. This provides some relief by showing that it is possible to regulate gene editing in order to prevent abuse. 
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