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preventative mastectomy to remove both breasts, thus reduc-
ing the risk of breast cancer by 90%.5 Gene sequencing of the 
BRCA genes has likely prevented breast cancer from affecting 
a significant number of high-risk women. It should be noted 
that a mastectomy is an invasive procedure and that roughly 
half of women who carry BRCA mutations will not develop 
breast cancer.5 This reinforces the ethical need for informed 
consent before and after genetic testing so that women who 
test as carriers for the BRCA mutation are fully aware of the 
consequences of receiving, or abstaining from, a mastectomy.

Genomics has also opened the door for an era of person-
alized medicine. The term personalized medicine refers to the 
use of individualized drugs or therapeutics to target diseases 
or tumors.6 By sequencing a patient’s DNA or their tumor’s 
DNA, geneticists can determine the best possible approach 
to treating a problem. One such disease that has made use of 
personalized medicine is Cystic Fibrosis (CF). CF is caused 
by a mutation in the Cystic Fibrosis Transmembrane Con-
ductance Regulator (CFTR), which is responsible for trans-
porting chloride ions across the cell membrane.6 The G551D 
mutation in the gene that codes for CFTR prevents the chlo-
ride ions from crossing the membrane, which then produces 
a thick layer of mucus on the outside of the cells.6 This mucus 
can accumulate in the lungs, leaving the patient susceptible 
to infections.6 This specific mutation is one of the many that 
cause CF, and it affects about 4% of those with the disease.6 
DNA sequencing has been used for CF patients to determine 
which mutation of the CFTR gene they possess so profession-
als may treat accordingly.6 In 2012, the FDA approved the 
drug Kalydeco (ivacaftor), which targets this specific muta-
tion and facilitates the movement of chloride ions across the 
membrane.7 This sort of tailored treatment enables health 
care providers to administer the correct drug for the correct 
mutation to increase chances of successful treatment.

MISSED INFORMATION AND MISINFORMATION

The human genome is estimated to be comprised of nearly 
20,000 genes across six billion base pairs of DNA on the 

46 chromosomes of a normal non-sex cell.8 Given the quan-
tity of information that must be analyzed and the high com-
plexity of genes, much remains unknown about what traits 
are associated with various DNA sequences. As such, genetic 
tests are not guarantees of complication but are , rather, prob-
abilistic predictions. High-end genome sequencing devices, 
such as Illumina’s HiSeq 2500, can obtain an accuracy of up to 
99.9% in recognizing bases of a DNA sequence.9 Despite this 
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AS WE MOVE FURTHER INTO THE 21ST CEN-
tury, the field of genomics is advancing at an unprec-
edented rate and has begun to pervade biological 

and medical research. Genomics, as defined by the National 
Human Genome Research Institute, refers to the study of an 
organism’s complete set of DNA.1 DNA sequencing is the most 
important technique of genomics and is performed using a 
variety of methods that are constantly improving. Illumina, 
a company based around high-precision DNA sequencing 
machines, employs a method known as Next Generation 
Sequencing (NGS). In this technique, modified DNA bases 
are added to a plate containing fragments of the target DNA.2 
As bases are added to single stranded pieces of DNA, they 
emit a fluorescence corresponding with the specific base (A, 
T, G, or C).2 A high precision camera can then be used to 
detect these fluorescent emissions and convert them into a 
computerized DNA sequence.2 Only 15 years after the first 
human genome was completely sequenced, the sequencing 
price has decreased by five orders of magnitude from over 
100 million dollars to a mere 1500 dollars.3 As this technol-
ogy becomes increasingly more available to the average con-
sumer, it promises to engender a new era of information and 
healthcare. The power to understand our own genetic code 
ushers in a myriad of ethical, legal and social issues.

CREATING A BETTER FUTURE

In medicine, procedures and practices often begin with a 
diagnosis. Without improved diagnostic techniques, many 

medical advances may fail to reach affected populations. 
Genomics serves to remedy this. As the human genome is 
further characterized, knowledge of an individual’s genes 
can provide insight on their predispositions to genetic dis-
eases. Though genotype does not always imply phenotype, 
full or partial genetic sequencing may propel this important 
step forward in medical diagnoses. As more genetic tests are 
conducted, a broader spectrum of the human genome will be 
characterized to aid in the understanding of how the DNA 
sequence translates into physical traits. Though genetic test-
ing can provide individuals with potentially life-saving infor-
mation, it is not devoid of imperfect social implications. 

An increasingly popular genetic test is that for the BRCA1 
and BRCA2 genes. Mutations in these genes have been asso-
ciated with an increased risk for developing breast cancer.4 
Susan G. Komen estimates that 8% of women will develop 
breast cancer by the age of 70; however, for carriers of BRCA1 
and BRCA2 mutations, this proportion increases to roughly 
60% and 45%, respectively.4 As such, many women with 
a family history of breast cancer elect to be tested for these 
mutations. Those who test positive may choose to undergo a 
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precision, 1 in 1000 bases will still be misread, which adds up 
over the course of an entire genome.9 Though computational 
techniques can be used to correct for some of these errors, 
there is no avoiding misrepresentations. Considering that 
many diseases are characterized by a single mutation, one 
single misread can give a normal sequence the appearance of 
being mutated.9 Given the complexity of information carried 
on a genome and the slight possibility of misreads, the con-
sumer is always at risk for misinterpreted information being 
presented to them. 

One genomics-based company that has been the subject 
of recent scrutiny is 23andMe. This company markets $199 
partial genome sequencing tests that inform the user about 
their ancestry, diet, physical traits, and genetic conditions.10 
The test analyzes specific sections of the genome to provide 
information ranging from the likelihood of hair loss to the 
carrier status for cystic fibrosis.10 The information provided 
in these tests may encourage people to alter their daily habits 
or reconsider having children if they find they may pass on a 
hereditary disease. Though this information can be very use-
ful, it should be taken with a grain of salt, especially given the 
potential inaccuracies in genome sequencing and the occa-
sional separation between genotype and physical expression. 
This type of informed consent 
has become an ethical mission 
of the company since they were 
forced by the FDA to make 
changes to their product.11

In 2013, the FDA required 
that 23andMe refrain from pro-
viding health and disease infor-
mation until they could prove 
the accuracy of their tests.11 The 
FDA’s basis behind this demand 
stemmed from a worry that users may be unaware that they 
could be presented with inaccurate results about health condi-
tions for which they might have a propensity.11 In accordance 
with the FDA’s requests, 23andMe spent two years revamp-
ing their system to prove the accuracy of their genetic tests.11 
As a consequence, the company had to remove many of the 
genetic conditions tested for on the system, so as not to misin-
form the user.11 They have also become adamant about warn-
ing users not to take this information as health advice and 
that the tests may be incomplete or inaccurate.12 The FDA’s 
decision has opened up an interesting dichotomy that will 
affect many other genomics-based companies. Though the 
information that people are provided with has been verified 
to be mostly accurate, consumers are now deprived of a large 
amount of information encoded on their genomes. This leads 
to a contentious debate over whether people should even have 
access to genomic information about themselves, especially if 
they may not be capable of fully or correctly interpreting it.

GENETIC DISCRIMINATION

Of those who use the 23andMe genetic test, 80% choose 
an option that allows the company to use and share 

their genome for research purposes.12 The company then 
has the ability to sell and distribute this information to other 

“As the human genome is further 
characterized, knowledge of an 
individual’s genes can provide 

insight on their predispositions 
to genetic diseases.”

References for this article can be found at 
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companies, such as Pfizer, who use the genetic informa-
tion for drug research.12 This data collection and sharing is 
a cornerstone of scientific research and development that 
has helped the field of genomics progress rapidly. Unfor-
tunately, along with the increasing prevalence of genome 

sequencing comes the possibil-
ity of “genetic discrimination.”13 
In 2008, the Genetic Information 
Nondiscrimination Act (GINA) 
was passed and forbade employ-
ers or insurance providers from 
requesting genetic information 
about an individual.13 Though 
this act was seen as a victory, it 
is important to note that GINA is 
not universal.13 It does not extend 

to the U.S. military, companies with less than 15 employ-
ees, many federal health insurance plans, or life insurance.13 
Though these organizations may not currently genetically 
discriminate, nonetheless, this policy keeps the door open if 
they ever choose to require genetic testing.
 
CONCLUSION

Genomics has the potential to revolutionize medical diag-
noses and personalized medicine. Though still in its 

infancy, studying DNA has revealed many of the genetic bases 
for late-onset diseases and has helped provide preemptive 
treatments for at-risk individuals. However, with these great 
capabilities come many ethical dilemmas. Large amounts of 
genetic information in an uninformed population carry risks 
of both misinterpretation and loss of privacy. Additionally, 
genetic discrimination threatens to alienate individuals due 
to tested characteristics that may or may not ever manifest. 
Yet, genomics seems to be a powerful tool that will have a far-
reaching impact in the near future, as its price continues to 
fall and its accuracy improves. The implications of genomics 
may soon become commonplace in our society.
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