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 1.Introduction 

 Human germline genome editing (HGGE) induces genetic modifications in gametes, germ cells 
 or gamete progenitor cells, and/or embryos, such that modifications are heritable. HGGE implies 
 that most, if not all, cells in genetically modified individuals and future generations therefrom will 
 contain the genetic modification—with more substantial effects than if induced via somatic 
 genome editing (  Somatic Cell Genome Editing  , 2022;  Vajen et al., 2021). In the last forty years, 
 reproductive genome editing, specifically HGGE, has received much attention and ethical 
 controversy, with mixed metaphysical foundations (Ishii, 2018; Lander et al., 2019; Saha et al., 
 2021;  Żuk & Żuk, 2017  ). I aim to provide a novel,  standardized metaphysical account of HGGE, 
 from which ethical discourse may commence. 

 2.Background 

 Metaphysical characterization of HGGE was spurred by Derek Parfit’s  Reasons and Persons 
 (Parfit, 1984). Parfit differentiates between “person-affecting” and “identity-affecting” 
 reproductive technologies, the latter posing the “non-identity problem”. A technology is 
 person-affecting if harming or benefitting individuals, and identity-affecting if determining which 
 individuals come into existence, neither harming nor benefiting created individuals. 

 HGGE is also characterized by the concepts of numerical identity and qualitative identity. 
 Numerical identity refers to “sameness”; by Parfit’s Origin View, embryos  A  and  B  conceived at 
 different times by the same parents are numerically distinct because the gametes involving in 
 conceiving, and thus the genome and phenotypes of, the embryos are different 
 (Palacios-González, 2021; Sparrow). Qualitative identity refers to sharedness of properties;  A 
 and  B  are qualitatively identical as conceived with  the same possibilities for inheritance of 
 alleles. Some authors have added to Parfit’s account, that person-affecting interventions affect 
 qualitative identity, maintaining numerical identity, while identity-affecting interventions “affect 
 numerical identity” (of who is brought to existence) (Palacios-González, 2021). 

 Person-affecting technologies can also be characterized as therapeutic or enhancing to the 
 affected individuals. Most authors agree reproductive technologies can be enhancing—citing the 
 controversial 2018 Chinese HGGE experiments, but disagree on whether reproductive 
 technologies can be therapeutic (Alonso & Savulescu, 2021; Greely, 2019; Palacios-González, 
 2021). Discourse has proceeded with varied, unconsolidated definitions of “therapeutic” and 
 “enhancing” interventions (Greely, 2005; Rulli, 2019). 

 3.Unresolved metaphysics 

 3.1.Identity 



 I posit the view that the human organism is diploid and could potentially mature by human 
 developmental stages. This view accounts for unimplanted embryos, including those created by 
 means other than fusion of gametes (e.g., enucleated ovum nuclear transfer). Genetically 
 identical human clones, hypothetically exposed to the same environments since conception and 
 independently of each other, will almost certainly vary in some respect of human development 
 (e.g., neural tissue composition or cognitive activity differences) and are distinct human 
 organisms (Cupaoili et al., 2021; Segal, 2022). This view of human identity reinforces numerical 
 identity, Parfit’s Origin View, persistence of identity, and identity as a patient—able to be 
 clinically evaluated and subject to medical interventions (Olson; Olson, 2003; 
 Palacios-González, 2021; Shoemaker). 

 3.2.Clinically employing HGGE 

 In practice, employing reproductive HGGE would occur under supervision of professionals 
 specializing in fertility—who would be obligated to inform clients of possible options, including 
 HGGE, during assisted reproduction (Rose et al., 2020). A scenario in which a thought of 
 employing HGGE could occur after in vitro embryo creation is not plausible, nor morally 
 permissible. The thought and decision are distinct phases leading to HGGE employment. 
 Moreover, decision-making to employ HGGE after in vitro embryo creation involves many 
 available options (e.g., cryopreservation) that should be considered (Cavaliere, 2018; Svanberg, 
 Boivin, & Bergh, 2001). 

 3.3.Embryonic therapy and enhancement 

 There is agreement on therapies and enhancements as, respectively, restorations of normal 
 health and augmentations beyond “normal [bodily] workings” (Allhoff et al., 2010; Daniels, 2000; 
 Döbler & Carbon, 2021; Greely, 2005; Lev, Wilfond, & McBride, 2013; President’s Council on 
 Bioethics, 2003). Consequently, therapies and enhancements are distinguished by patient 
 health before and after the medical intervention is administered. Subsection 3.1 raises the issue 
 of determining embryo patients’ “health”. Unless embryo genotypes directly indicate 
 phenotypes—e.g., an embryo with trisomy 21 will almost certainly later exhibit Down 
 Syndrome—embryos’ (future) health cannot be determined at the time of HGGE administration 
 (Harrison et al., 2021). Even genetic disorders like Down Syndrome—seemingly obvious from 
 positive preimplantation genetic testing (PGT) results—are diagnosed after careful clinical 
 analysis of the manifested medical problems in infant and pediatric patients (Avramopoulos et 
 al., 1997; Bull & Committee on Genetics, 2011; World Health Organization, 2022). 

 3.4.Parfit’s account, and the non-identity problem 

 Clear criteria is not present for Parfit’s characterization of person-affecting technologies as 
 harming or benefitting individuals (Sparrow). The question arises—could person-affecting 
 HGGE affect qualitative identity, but neither significantly harm nor benefit affected individuals, 
 and vice versa? 

 Harms and benefits of identity-affecting technologies could also be analyzed 
 (Palacios-González, 2021; Persson, 1995). Authors have posed such technologies, to an 
 individual brought to existence due to the technology, are beneficial if the individual’s life is 
 “worth living”, and harmful if the individual’s life is not “worthwhile”; the benefit is bestowed to the 
 individual as worthwhile existence from nonexistence—a more negative outcome. On accounts 
 that, more often than not, people’s lives are worthwhile—implying an obligation to create as 
 many people as possible—many authors have concluded identity-affecting technologies neither 
 harm nor benefit created individuals (Alonso & Savulescu, 2021; Sparrow). 



 4.Argumentation 

 4.1.Person-affecting HGGE 

 By the account of identity established in subsection 3.1, HGGE involving embryo creation 
 (gamete genetic editing, artificial gametogenesis from genetically edited gamete progenitor 
 cells, genetically edited nuclear transfer into enucleated ovum, etc.) must be identity-affecting 
 and may produce numerically distinct individuals. I argue for a clarified definition of 
 person-affecting technologies. 

 Given the clinical context in which HGGE is employed, definitions may be posited for “harms” 
 and “benefits” of person-affecting HGGE as significantly worsening or improving, respectively, 
 affected embryos’ health and/or quality of life. A resolution to the question raised in subsection 
 3.4 can be reached: person-affecting HGGE may affect qualitative identity, while neither 
 significantly harming nor benefitting affected embryos. A proof is as follows: if research suggests 
 genetic modification  A  in a pseudogene as benign and  harmless to embryos’ health and 
 development, genetic modification  A  would be qualitative  identity affecting, but neither 
 significantly “harming” nor “benefitting” affected embryos (Balakirev & Ayala, 2003; Tutar, 2012). 
 Person-affecting HGGE significantly harming or benefitting, but maintaining qualitative identity 
 of, affected embryos does not seem plausible. Given ongoing contention on whether 
 identity-affecting technologies harm or benefit individuals, it may be wise to distinguish 
 person-affecting technologies as qualitative identity affecting, and maintaining numerical identity, 
 from identity-affecting technologies. 

 4.2.Person-affecting HGGE: therapy or enhancement? 

 As per defined in subsection 3.3, it would be only possible for person-affecting HGGE 
 technologies benefitting the embryo to be therapeutic or enhancing—a distinction which I will 
 clarify with Huntington’s Disease (HD). 

 International HD diagnostic guidelines for CAG-repeat length in (exon 1 of) the HTT gene 
 delineate four genotypes: HD alleles with between 36 and 39 repeats indicating “reduced 
 penetrance” (RP) of HD clinical manifestations, and with at least 40 repeats indicating 
 symptomatic HD; and normal alleles with less than 27 repeats, and—called “intermediate 
 alleles” (IAs)—with between 27 and 35 repeats (ACMG/ASHG Statement, 1998; Kremer et al., 
 1994; Rubinsztein et al., 1996). IAs may exhibit repeat expansion into the HD allele range in 
 carriers and/or offspring thereof. Recently, researchers have identified a HTT “cassette” outside 
 of the exon 1 CAG-repeat region and other “genetic modifiers” of HD—loci distinct from 
 HTT—as implicated with somatic repeat expansion and HD onset age, and for potential 
 targeting of medical interventions (Ciosi et al., 2019; Flower et al., 2019; Genetic Modifiers of 
 Huntington’s Disease (GeM-HD) Consortium, 2015; Lee et al., 2022; Pinto et al., 2017; Roy et 
 al., 2021; Shelbourne et al., 2007; Swami et al., 2009; Veitch et al., 2007; Wright et al., 2019). 
 Interestingly, “phenocopies” of HD—IA carriers and patients with normal alleles exhibiting HD 
 phenotypes—have been widely reported, suspected due to somatic expansion or genetic 
 modifier effects (Cubo et al., 2016; Ha, Beck, & Jankovic, 2012; Villaume et al., 2000; Wild et 
 al., 2008; Wild & Tabrizi, 2007). 

 Complex physiological mechanisms are involved with HD (Aziz et al., 2009; Aziz & Ross, 2021; 
 Lee et al., 2012; Ross & Tabrizi, 2011; Wyant, Ridder, & Dayalu, 2017). HGGE correcting the 
 CAG-repeat length in pathological HD alleles, to the normal (e.g., 20) range, could be argued to 
 be therapeutic in rescuing affected embryos from an otherwise  inevitable  disease with future 
 clinical manifestations and/or premature death (ACMG/ASHG Statement, 1998); 



 notwithstanding the unlikely effects of somatic expansion and HD genetic modifiers, the embryo 
 is now bestowed with an opportunity for normal health and to live up to (or beyond) a normal life 
 expectancy. HGGE in RP allele or IA embryo carriers, correcting CAG-repeat lengths to the 
 normal (e.g., 20) range, could not be considered therapies; it is not known if the embryo would 
 have manifested HD with the RP allele or IA alone, and is quite rescued from disease. Instead, 
 such HGGE could be argued as enhancing, significantly reducing the likelihood of future 
 potentially  evitable  HD manifestation—arguably a benefit  bestowed to embryos who may have 
 otherwise still attained normal health. 

 HGGE characterization as therapeutic or enhancing would not change given the curability of a 
 medical condition. Even if there may exist in the future a cure (administered upon clinical 
 diagnosis of HD) that could significantly alter HD pathogenesis, HGGE to prevent inevitable 
 premature death and/or HD manifestation (though potentially made temporary and fleeting by 
 the cure, inevitable regardless) in embryos containing the pathological HD allele(s) would be 
 therapeutic. Rather, the incurability of a disease manifesting in patients would strengthen the 
 argument for HGGE utilization (Kumar, 2022). 

 4.3.Identity-affecting HGGE, and resolving the non-identity problem 

 That people’s lives are, more often than not, worthwhile is inherently a vague assumption. The 
 consideration of an embryo’s existence as worthwhile depends on numerous factors, warranting 
 a holistic predictive analysis by the account of certainty and subjectivity developed in subsection 
 4.2, akin to analysis in adoptive parent/home selection (e.g., an embryo with the pathological 
 HD allele may subjectively lead a worthwhile existence with a nurturing social environment and 
 support system) (Jenkins, 1961; Parker, 2007; Rickarby, 1978; Tienari, 1991; Tienari et al., 
 1994). By the account of worthwhile existence, harms and benefits could indeed be analyzed of 
 identity-affecting HGGE to created individuals, but have not been able to be reconciled as 
 described in subsection 3.4. I propose a framework through which the account of worthwhile 
 existence and relevant theories (MTM, PB, GPB, SOPB, etc.), can be analyzed and applied to 
 individuals brought to existence by identity-affecting technologies (Battisti, 2021; Elster, 2011; 
 Holland, 2016; Savulescu, 2001; Savulescu & Kahane, 2009). 

 As not all embryos created will be implanted, assisted reproduction for the foreseeable future 
 will involve comparative analysis and selection between embryos (Parker, 2007; Savulescu, 
 2007). Accordingly, I pose three arguments on identity-affecting technologies: embryos created 
 by an identity-affecting technology can only be compared amongst themselves—with respect to 
 being brought to existence and selected for implantation; and that the stated two types of 
 comparisons can be attempted counterfactually only with scenarios that, though hypothetical 
 and not involving the identity-affecting intervention in consideration, have certain outcomes 
 (which may vary subjectively). Such enumerated comparisons can be achieved through the 
 proposed “Comparative Analysis Framework for Creation and Selection of Embryos by 
 Identity-Affecting Technologies” (CAFEIAT) (Figure 1). 

 This framework enables an adequate solution to the non-identity problem in the context of 
 HGGE and reproductive technologies: working around the difficulty of characterizing 
 identity-affecting procedures, providing a comparative analysis methodology (versatile to the 
 various theories on HGGE) of embryo creation and implantation selection with an account of 
 certainty and subjectivity, and reconciling the dilemma plaguing bioethics—of the inability for 
 agreeable analyses involving embryos created by identity-affecting technologies. 



 5.Conclusion 

 In synthesis, I argue for the following: 

 ●  Unimplanted, genetically identical embryos are numerically distinct human organisms. 
 ●  Person-affecting HGGE affects qualitative identity, maintaining numerical identity, of 

 embryos. Dependent on the certainty and subjectivity of qualitative identity affects, 
 person-affecting technologies may be harmful or beneficial to affected embryos’ health 
 and/or quality of life; only such beneficial technologies could be therapies (in 
 “nonstandard” ways, intervening before symptom manifestation) or enhancements for 
 affected embryos (Rulli, 2019). The otherwise curability of clinical manifestations of the 
 genetic defect in consideration has no effect on person-affecting HGGE 
 characterizations—but may strengthen or weaken a case to utilize such HGGE. 

 ●  Comparative analyses can assess the affects of person-affecting HGGE to embryos, 
 before and after the intervention is administered. Embryos created via identity-affecting 
 technologies could be subject to comparative analyses of being brought to existence and 
 selected for implantation—by any of the relevant accounts and theories—via CAFEIAT 
 (Figure 1). The account of worthwhile existence could be considered if the argued 
 account of certainty and subjectivity is acknowledged. Thus, identity-affecting 
 technologies affect numerical identity of, and may harm or benefit, individuals brought 
 into existence thereby. 

 ●  Clinical thought to employ (person-affecting) HGGE cannot plausibly (nor ethically) occur 
 after embryo creation.  

 ●  A working solution to the non-identity problem follows: worthwhile existence is assessed 
 with factors of certainty and subjectivity to  existing  embryos in consideration, and thus 
 cannot be determined for non-existent people. Prospective parents do not have 
 obligations to create embryos without genetic defects because (in the foreseeable 
 future) HGGE technologies to do so will not be available and because parental 
 reproductive autonomy is present throughout the process of procreation (Allyse & 
 Michie, 2022; Ballantyne et al., 2009; Sheather, 2011). 

 My account of the process and characterization of reproductive and HGGE technologies is 
 presented in Figure 2 and Table 1 respectively. Providing a grounded philosophical foundation 
 from which ethical discourse on HGGE may commence, this essay has enormous implications 
 for bioethics. 
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 Figures and Tables 

 Figure 1. 

 Comparative Analysis Framework for Creation and Selection of Embryos by Identity-Affecting 
 Technologies (CAFEIAT). The CAFEIAT model is based on the intuition that ultimately a certain 
 number of in vitro embryos created and available for selection (via the employed HGGE 
 technology) are actually implanted in the prospective mother’s womb at once; the totality of the 
 comparative analyses of the unimplanted embryos are not lost. If “n” embryos are to be 
 implanted and nurtured by the mother, each path on the CAFEIAT contains a combination of “n” 
 number of embryos; and if “p” number of paths are to be pursued (by this definition of “n”, “p” 
 would be 1), comparative analysis should be conducted (through the extant accounts and 
 theories on identity-affecting HGGE) between “p+1” number of paths at a time. Hypothetical 
 comparisons should be considered as prospective parents’ choices alternative to the 
 identity-affecting intervention in consideration (the model depicted shows comparisons amongst 
 embryos created by identity-affecting HGGE and with an alternative of in vivo conception—refer 
 to Figure 2 for letter abbreviations indicated in process flow of embryo creation). 

 As the number of hypothetical embryos created is unknown, probability of outcomes should be 
 considered by the account of certainty and subjectivity. For instance, if a couple would have 
 conceived without HGGE (in vivo or via standard IVF), if not by genetic editing of gametes (an 
 identity-affecting intervention), and—notwithstanding genetic modifiers—if a hypothetical 
 embryo conceived has a 50% chance of inheriting the pathological HD allele, two “in vivo” 
 hypotheticals should be considered—a HD-positive embryo and a HD-negative embryo—to 
 sufficiently capture probability of HD in comparative analyses of HD in embryos. Cases involving 
 nurturing multiple embryos (implantation of two in vitro embryos, implantation of an in vitro 
 embryo alongside an embryo conceived in vivo, etc.) are accommodated by manipulating the 
 variable “n”. Embryos created by identity-affecting HGGE and later administered 
 (person-affecting) HGGE are accommodated by CAFEIAT—such embryos could be compared, 
 after being administered HGGE, to other embryos available for implantation. 



 Figure 2. 

 Process flow of creating embryos (abbreviated with letters) genetically related to a set of 
 prospective parents, with identity-affecting HGGE (in vitro), standard IVF, and in vivo 
 conception. In vitro procedures are exemplified as each creating five embryos. The flow diagram 
 depicts the following principles: embryos created in vitro may undergo HGGE before proceeding 
 to selection, embryos would be subject to PGT after any HGGE has been performed in the 
 process of procreation, embryos may undergo PGT without prior HGGE, and in vivo conception 
 results in an unknown number of embryos. 



 My account  “Standard” Account 

 Numerical 
 Identity 

 Numerical identity directly stems 
 from identity of human organisms 
 being defined as being diploid and 
 having the potential to mature by 
 human developmental stages. 

 Extant accounts for human 
 organisms are contested. 

 HGGE 
 Technology 

 Person-affecting 
 HGGE 

 Identity-affecting 
 HGGE 

 Person-affecting 
 HGGE 

 Identity-affecting 
 HGGE 

 Characterization 

 Identity  Affects 
 qualitative 
 identity; 
 maintains 
 numerical 
 identity 

 Affects 
 numerical 
 identity 

 Affects 
 qualitative 
 identity; 
 maintains 
 numerical 
 identity 

 Affects numerical 
 identity 

 Harms / 
 Benefits 

 May harm or 
 benefit affected 
 individuals 

 May harm or 
 benefit created 
 individuals 

 May harm or 
 benefit affected 
 individuals 

 Neither harm nor 
 benefit created 
 individuals 

 Therapy / 
 Enhancement 

 May be 
 therapies or 
 enhancements 

 Cannot be 
 therapies or 
 enhancements 

 Unclear, 
 implicit 
 arguments that 
 may be 
 therapies or 
 enhancements 

 Unclear, implicit 
 arguments that 
 cannot be 
 therapies or 
 enhancements 

 Table 1. 

 The “standard” account, of the most widely accepted views, and my account of HGGE 
 characterization. 
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