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Emerging Biotechnology; What are the 
responsibilities of the institution?
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Coming Dilemmas

• We already test embryos to exclude known genetic 
defects prior to implantation during an IVF 
procedure. Many parents now select the sex of 
their child. How long will it be until we are able to 
use gene editing to create exact genomes carrying 
pre-selected traits?   “mail-order” children?

• There are commercial enterprises that currently 
clone pets for a fee. Barbara Streisand had her dog 
cloned for $50,000. How long can we forestall 
cloning humans? Or has it already been done? 

https://www.amazon.com/his-image-cloning-man/dp/0397012551

Published 1978



EXCLUSIVE: Chinese scientists are creating CRISPR babies

A daring effort is under way to create the first children 
whose DNA has been tailored using gene editing.

by Antonio Regalado
MIT Technology Review
November 25, 2018

https://www.technologyreview.com/profile/antonio-regalado/


Current Required IBC Oversight

•Recombinant/Synthetic DNA

•HGT-Human Gene Transfer

https://www.ehs.gatech.edu/biosafety/protocols



Additional Oversight Exercised by Some IBCs
• Select Agents

• Infectious agents

• Biological toxins

• DURC-Dual Use Research of Concern (including GOF)

• Gene-edited crops and animals (for future human consumption)

• Release of organisms containing CRISPR gene drives into the environment

• Synthetic Biology Concerns involving nanotecnology and biocomputation (building 
computers that use biological materials, mimic biological organisms or are used to 
study biological organisms – machines that can learn)

• Human- and Animal-derived substances



Should IBCs expand their committees to include:

Bioengineers?

Ethicists?

Environmentalists?

Ecologists?

???



https://www.zerohedge.com/news/2018-10-14/scientists-freaking-
out-over-pandemic-potential-genetically-engineered-smallpox

Use of synthetic DNA to generate historical or novel 
infectious agents or bioterrorism agents

Following the release of a paper earlier this year which 
describes how researchers stitched together segments of DNA 
in order to revive a complete horse pox virus capable of 
replication – a previously eradicated virus - scientists have 
been flipping out over the possibility that bad actors may use 
the study as a blueprint to revive smallpox. The disease killed 
an estimated 300 million people before the World Health 
Organization deemed it eradicated following a long 
vaccination campaign. Thus, the publication of a method for 
reviving a closely related disease has understandably raised 
some red flags within the scientific community

And who knows what a researcher is synthesizing in their lab when 
primers can be obtained from external vendors with no 
institutional oversight?



A research laboratory reconstructed the 
strain of influenza virus that caused the 
1918 pandemic that killed 20 – 50 
million people worldwide. Mistakes are 
inevitable. How long until a lab 
technician becomes a ‘Typhoid Mary’ by 
carrying the infectious disease outside 
of the lab. NIH Guidelines were altered 
to increase containment levels after the 
fact. Many novel infectious agents with 
unknown pathogenicity are still not 
covered.

Note: Paper published in 
2005 – NIH Guidelines 
changed in 2013



Emerging Technologies that require oversight

• In 2003, the company preparing to sell Glofish could not find a single 
Federal agency that claimed jurisdiction – Not the FDA, EPA, 
Department of Agriculture, or the Fish and Wildlife Service.

• Genetically modified fluorescent ‘Glofish’ were sold in pet stores and 
ended up being released into ponds and streams because the FDA 
determined they posed no threat to the food supply and the U.S. 
government had no specific regulations for the use of transgenic 
organisms. Nature volume 426, page 372 (27 November 2003)

http://www.petage.com/brighten-up-with-glofish/

• Is the FDA the right agency to determine that a genetically modified animal would have no significant 
environmental impact?

• California banned the sale of Glofish and any other genetically modified fish in 2002 – they were concerned 
about reports of a fast growing recombinant salmon that would soon be released

• In 2017, the FDA published non-binding recommendations that classified any intentional altered genome in 
an animal as a new animal drug and therefore under FDA jurisdiction. Under the proposed guidelines, The 
FDA would require that the New Animal Drug Application (NADA)  include an environmental assessment (EA) 
which would provide the FDA with sufficient information to either prepare an environmental impact 
statement (EIS) or issue a finding of no significant impact (FONSI).



Emerging Technologies that require oversight

Who can regulate the administration of nanoparticles 
containing rDNA or mechanical devices delivering a 
payload of targeted medication using externally 
programmed functions or the use of self-replicating 
nanobots?

https://www.google.com/search?client=firefox-b-1&biw=1810&bih=906&tbm=isch&sa=1&ei=ny3yW4ePKbCl_QbYyZ2wDg&q=image+of+nanobots&oq=image+of+nanobots&gs_l=img.3...138749.141781..142207...0.0..0.76.623.9......1....1..gws-wiz-img.......0j0i67j0i5i30j0i8i30.mcua6_6HyZY



Who will determine the 
limits of humanizing 

animals?

https://ysaynocafe.wordpress.com/tag/chimera/

http://bbruner.org/musing/mus_15c.htm



Emerging Technologies that require oversight

Analyses of Soft Tissue from Tyrannosaurus rex Suggest 
the Presence of Protein
Science 13 Apr 2007:
Vol. 316, Issue 5822, pp. 277-280
DOI: 10.1126/science.1138709

Is Jurassic Park a Real Possibility?

Would your IBC allow DNA
extraction, and Somatic 
Cell Nuclear Transfer (SCNT) into 
bird eggs in an attempt to create
a modern dinosaur?

https://www.wallpaperup.com/289290/JURASSIC_PARK_adventure_sci-fi_fantasy_dinosaur_movie_film_jungle_baby.html



Emerging Technologies that require oversight

Release of organisms modified with CRISPR 
gene engines into the environment

• Even the escape of a single organism into the environment can have a significant impact 
on the wild population of that organism

• Mosquitos containing gene engines have been proposed to eliminate wild type mosquitos 
that are vectors for human diseases such as dengue, yellow fever, chikungunya, Zika, 
encephalitis, and malaria

• Genetically modified organisms contain known genes of foreign DNA. Genetically edited 
organisms create modifications not known to exist in nature, not resultant from natural 
adaptive mechanisms, whose impact cannot be fully known in advance. Do we sufficiently 
understand ecosystems to know how rDNA modified organisms will impact them?



• Yellowstone National Park created in 1872

• In 1885, the Federal government began 
“Animal Damage Control” to prevent the 
wolves from killing off the elk

• By 1926, the gray wolf packs were gone

• Removal of the wolves caused the Elk herds to
grow, which decimated the trees due to overgrazing

• Without the trees, the beaver population was greatly reduced, and there were 
fewer dams built.

• The dams had provided ponds and marsh habitats that supported for moose, 
otters, mink, wading birds, waterfowl, fish, amphibians and more.

• Wolf kills had been scavenged by ravens, wolverines, bald eagles, grizzly bears, 
black bears, jays, magpies, martens, and coyotes and more

• In 1995, the wolves were reintroduced to Yellowstone and much of the damage has 
been repaired

Our Track Record for Environmental Intervention has not been Good



Our Track Record for Environmental Intervention has not been Good

When pest control goes wrong

Kudzu vine

Although it was first thought as a great forage and ornamental plant because of 
its sweet blooms and impressive leaves, it was promoted between the 1930s and 
1950s by the Soil Conservation Service as a tool to prevent soil erosion and was 
consequently mass-planted through the south.

Things quickly got out of hand. When established, kudzu – also known as the 
‘mile-a-minute’ plant – grows up to 30cm a day, and mature vines can reach 30m 
long. It overtakes and grows over anything in its way, killing other flora and 
foliage with shading. An invasion of kudzu means there are leaf litter changes and 
decomposition processes alter, with a 28 per cent reduction in stocks of soil 
carbon, so the spread of the vine could contribute to climate change.

https://www.theapricity.com/forum/showthread.php?231670-The-Vine-that-
ate-the-south-The-invasive-plant-Kudzu-is-swallowing-the-southeast-of-the-US



When pest control goes wrong

One of the most invasive insect species is the harlequin ladybird (Harmonia 
axyridis), which tends to outcompete and eat native ladybirds. Originally from 
central Asia, the harlequin was introduced in Europe and North America to 
control aphids. Its dominance soon became a problem to native ladybirds.

The Asian species also carries single-celled parasites called microsporidia. These 
don’t harm the harlequins themselves, but do kill other species, including native 
seven-spot ladybirds. The parasites are contained in the blood (or haemolymph) 
and live in the harlequin’s eggs and larvae, but are in a dormant state and don’t 
hurt the carrier. However, ladybirds often eat each others’ eggs and larvae, so the 
native species may contract the parasite in this way and die, leading to declining 
populations.

Our Track Record for Environmental Intervention has not been Good

Harlequin ladybirdhttps://www.the-scientist.com/news-
opinion/ladybird-bioterrorists-39311

https://www.naturespot.org.uk/species/harlequin-ladybird Harlequin Ladybird



When pest control goes wrong

Mosquitofish
This tiddler originates from southern parts of Illinois and Indiana, and throughout 
the Mississippi River. Found in shallow water away from larger fish, the little 
creature was intentionally introduced to areas with large populations of 
mosquitoes, in order to decrease the number of insects by eating their larvae. 

However, native fish were already good at supplying ‘maximal control’ –
introducing the mosquitofish has turned out to be more damaging to aquatic life.

Mosquitofish are aggressive and injure or kill other small fish. They are also very 
good at breeding, so take over the natural habitat.

In Australia, the fish are considered ‘noxious pests’ and threaten native fish and 
frogs. There is also no evidence that they have contributed to controlling the 
mosquito population there.

Our Track Record for Environmental Intervention has not been Good

https://www.daf.qld.gov.au/business-priorities/fisheries/pest-fish/noxious-fish/gambusia



We may not get the opportunity for a do-over

What can be done to ensure that 
IBCs worldwide exercise the utmost 
caution when it involves the release 
of genetically edited organisms into 
the environment? Or to prevent 
accidental release?



Case Studies

Questions or thoughts first?



Report Outs

1. Provide a brief summary of the project;

2. Ethical Issues and Discussion Points;

3. Based on the current policies at your institution would 

this research be reviewed and overseen;

4. Should institutions oversee this type of research; and

5. Does your table believe this study should occur?



Case Study #1 
Prevent Famine or Wage War

Dr. Greenjeans, a Great Eastern University (GEU) scientist, submitted a proposal to the IBC to conduct a 

novel procedure that involves rapidly transmitting genetic traits to acres of plants.  His research model uses an 

insect to spread a viral vector that carries the gene of interest. He proposes that the process would be used to 

facilitate the rapid spread of beneficial genetic traits, such as drought or frost resistance, to an essential food 

crop in real time.  The process would be used to save plants from adverse environmental conditions and 

ultimately preserve food sources for starving communities. The insects used would be sterile and have an 

expected lifespan of approximately 2 weeks. 

The BSO visited Dr. Greenjean’s laboratory to discuss the project.  Based on the discussion, the BSO assured 

the IBC that the containment for the proposed work would be adequate.  She also ensured the committee that 

the work could be safely conducted with no threat to either humans or the environment. The GEU IBC readily 

approved Dr. Greenjean’s application since he is a world-renowned plant geneticist, and the publication of this 

work will bring favorable attention to the GEU.



Case Study #1 
Prevent Famine or Wage War

1. Would it matter if the funding for this project was a military organization within the U.S.? Or a foreign 

government? Could this proposal of a peaceful application be a mere ruse for obtaining information 

on how to construct a biological weapon?

The U.S. ratified the Biological Weapons Convention (BWC) in 1975. The BWC bans the use of living 

organisms as weapons of war. This treaty prohibits all parties from developing biological agents that have 

no justification for peaceful purposes. Is it really plausible that insect vectors for viral dispersion is a 

necessary peaceful application? Wouldn’t it be easier to spray a vector on a field of crops; faster and more 

easily contained than using modified insects which could spread to other fields or environments?



Case Study #1 
Prevent Famine or Wage War

2. Would your institution’s IBC take into consideration that the methods used for this project could easily 

be appropriated for disseminating a noxious gene that would destroy a crop in a very short time and 

have applications that could be used in warfare? In light of this, should there be publication restrictions 

imposed and does your IBC have a means of recommending this to the appropriate office at your 

institution?

The Dual Use Research of Concern (DURC) Federal and Institutional oversight applies to 15 pathogens or 

toxins under 7 categories of experimentation. Is it an ethical responsibility of IBC’s to carefully consider 

possible applications of the research approved by the committee and apply similar risk/benefit analysis of 

all proposed research and not just these limited instances?



Case Study #1 
Prevent Famine or Wage War

After research experiments in 2012 with avian influenza were found to have led to enhanced 

transmissibility to mammals, and presumably humans, it took an additional 2 years for the federal 

government to recommend a pause in these GOF experiments, and then only after additional concerns 

arose at two government laboratories. It wasn’t until 2016 that the National Science Advisory Board for 

Biosecurity published the current “Recommendations for the Evaluation and Oversight of Proposed 

Gain-of-Function Research.” In light of this, shouldn’t we consider our IBC’s as the first line of vigilance 

or a rapid response team for protecting the public and the environment from potential adverse events? 

And if so, to what extent and with what authority?

Agricultural research or a new bioweapon system? Science 5 OCTOBER 2018 • VOL 362 ISSUE 6410

Is The Pentagon Modifying Viruses To Save Crops — Or To Wage Biological Warfare?  Dan Charles, Morning Edition, NPR 11/7/2018



Case Study #2 
Synthetic Biology

Dr. Jack Friendly, a Great Eastern University (GEU) scientist, is well-established researcher and has a long list of publications and accolades.  

When Jim Dandy, a local high school student, approached him about volunteering in his lab after school wanting to work on a science fair project, 

Jack was more than happy to spend time with the young man and encourage his pursuit.  Jack was impressed with how quickly Jim caught on to 

the scientific concepts and after a couple weeks of washing dishes and making buffers, he assigned him to work with his post-doc on an ongoing 

project. The post-doc, who had an overwhelming workload, appreciated the help and soon had Jim working nearly every day.  Since Jim only had a 

few hours after school each day, he asked if he could also work on Saturdays.  Seeing an opportunity to get some extra sleep on the weekends, 

the post-doc was happy to provide Jim with keys to the lab so that he could transfer cultures and set-up PCR runs independently.

Dr. Friendly never considered that Jim might have an ulterior motive for getting access to his lab.  As it turned out, Jim had 3 years of experience 

on his high school iGEM team, which had won the high school competition at the National iGEM Jamboree for 5 years straight. 

This Jamboree is an international genetically engineered machine competition for students. The iGEM is a foundation created for the advancement 

of synthetic biology that maintains a growing registry of standard biological parts used for building biological devices and systems. At his high 

school, his team made bacteria that pulsated green fluorescence, and they worked on another project that used a biosensor to detect lead in water 

samples.  Armed with that experience and a growing knowledge of sequence databases, Jim wondered if he could make a novel organism that 

would secrete a synthetic hallucinogen.  Using information from online databases, and primers obtained from a startup biotech company, Jim 

successfully synthesized bacteria that secreted a designer hallucinogen.  He grew a large batch of the bacteria, precipitated the protein from the 

supernatant, and soon had, what he believed to be, a very large supply of a psychedelic substance.

Everyone marveled at what an intelligent young man he was with such great potential, and was sorry to hear that he fell off a roof to his death while 

under the influence of drugs.



Case Study #2 
Synthetic Biology

1. Does the NIH have a role to play in staying abreast of the cutting edge of emerging technologies and 

advances in synthetic biology research and disseminating that information to IBC’s nationwide?

2. Should the IBC play a role in educating and advocating for biosecurity of biological materials and 

facilities?

3. What can be done to effectively monitor DNA synthesis in an age where non-regulated start-up 

biotech companies abound that can provide a means of obtaining materials with no oversight?

4. How can an IBC provide Institutional oversight of synthetic DNA and a sense of security in an age 

where even high school students or untrained hobbyists/maker wannabees have complete access to 

online databases of sequence information and may have more knowledge of DNA synthesis than 

many older researchers do?



Case Study #2 
Synthetic Biology

In an age where CRISPR kits are under $100, and the creation of novel pathogens, 

enhancement of pathogenicity, or mutation of a non-pathogen into a harmful 

organism can occur in a basement or garage, where weapons of mass destruction 

can be stored in the back corner of a kitchen freezer, what is our role in helping to 

prevent an accidental or intentional adverse outcome?

http://igem.org/Main_Page

https://osp.od.nih.gov/wp-content/uploads/NSABB_SynBio_DRAFT_Report-FINAL-2_6-7-10.pdf



Case Study #3 
Mosquitoes and West Nile Virus

The Great Eastern University (GEU) campus was infested with aggressive mosquitos that carried the West Nile Virus (WNV).  

The population of songbirds in the area was being decimated, and everyone in the community was asking the scientists at GEU 

to do something about it.  Scientists from the Genetics Department decided to act fast.  Consequently, gene drive technology 

was used to genetically alter mosquitos eliminating their ability to carry and transmit the WNV.  Since gene drive technology was 

used, this alteration would be proliferated throughout the mosquito population, and the virus would no longer be able to survive

in the mosquitoes.  Since it was only modifying the wild population and not attempting to eradicate mosquitoes, the scientists did 

not include a biochemical, self-destruct mechanism into the released insect DNA. The idea was for the resistant strain of 

mosquitoes to replace the wild strain. In order to quickly propagate the resistant mosquitoes, the scientists engineered the 

mosquitoes to reproduce 3 times faster than the wild strain. The mosquitoes were tested repeatedly in the laboratory, and there 

was every expectation that the release into the wild would eradicate WNV in a very short time. 

Shortly after releasing the mosquitoes carrying the gene drive for West Nile resistance, a chance event led to a mutation of the

WNV.  As a result, the new WNV strain was able to evade the mosquitos’ resistant mechanism.  To make matters worse, the 

mutation resulted in a WNV that was far more virulent resulting with 50% of infected humans developing an active infection 

resulting in severe neurological impairment.  In addition, 100% of the infected songbirds died.

.



Case Study #3 
Mosquitoes and West Nile Virus

1. What process does you IBC have in place to oversee this type of research?

2. What type of background do members on your IBC have to evaluate gene drives

and the release of populations of insects, for example, that have been altered by 

gene drives?

3. Humans make errors, and given enough time, someone will mistakenly release 

organisms that have been altered by the inclusion of a gene drive mechanism. What 

can be done to evaluate the ecological impact as soon as possible after an accidental 

release?  How could we make this evaluation a proactive process?



Case Study #3 
Mosquitoes and West Nile Virus

Should we be worried?

A study revealed that more than 25% of the tests of the 

effluent waste stream of a major University was shown to 

contain viable genetically modified organisms. How can 

IBC’s work to educate the research community of the 

dangers of this nonchalance?



Case Study #4 
Nanoparticle Science

Dr. Albie Famous’ has always had a lifetime goal of finding a cure for cancer.  His current research uses nanoparticle science to deliver toxic 

levels of chemotherapeutic drugs to very specific locations throughout the body.  Dr. Famous has multiyear grants from multiple sources, 

which support his very large laboratory at Great Eastern University (GEU).  He maintains several hundred cages of mice, which are used to 

evaluate various drugs against multiple tumor types.  In one protocol, he uses nanobots that specifically target lung cancer cells by binding to 

the surface receptors of lung tissues.  In another protocol, he treats reproductive cancers by using nanobots to deliver specially defined viral 

vectors.  He uses an entire wing of the animal housing facility to maintain his mice, and only the best animal technicians and staff are 

permitted to work with his animals.  

Betsy Naive works in his animal facility, and she takes great pride in her role of helping to find a cure for cancer.  Since Dr. Famous is very 

fastidious, she maintains his mouse cages and the related area in a pristine condition.  She routinely transfers his mice to clean cages, 

disposes of the used bedding, and cleans the soiled caging.  The soiled bedding is disposed of using an enclosed cage changing station that 

includes a down draft table to control dust levels.  Unexpectedly, Betsy developed a chronic cough even though she always wore the 

prescribed PPE.  Fearful that she might be developing a mouse allergy, and not wanting to leave her job, she self-medicated with anti-

histamines, which seemed to help her cough.  However, the last cold she contracted was the most severe she had ever experienced, and 

consequently resulted in her being admitted to the hospital.  A CT scan revealed that she had extensive lung scarring, and the doctors told her 

that she had end-stage pulmonary fibrosis due to her chronic inhalation of foreign particles.

.



Case Study #4 
Nanoparticle Science

1. Recent years have seen unprecedented growth in nanoscience research.  Programmable devices allow physicians to 

treat diseases at the cellular level.  For example, magnetically driven micro robots can burrow into tumors and later 

be activated through external computers to deliver intense heat or release targeted medications.  How should 

institutions oversee this emerging technology?  What can be done to enact standardized guidelines for the safe 

handling of nanoparticles, nanobots, and nanomachines yet to be designed?

2. How do you know if the existing engineering controls are sufficient to contain particles that can be easily dispersed 

by small drafts of air or minimal arm motions?

3. The particle size alone is a hazard if inhaled and embedded in lung tissue. What else can be done to contain 

particles that are toxic or otherwise modified to increase hazards?



Case Study #5 
Antibiotic Resistance through Natural Selectin

Dr. Robert Denver at Great Eastern University is a microbiologist interested in understanding the mechanics of 

how bacteria develop antibiotic resistance through natural selection.  He is particularly interested in 

understanding how strains of Staphylococcus aureus develop into Methicillin-resistant (MRSA) strains.

Dr. Denver proposals the following experiment:

1. A strain of Staph aureus without any known antibiotic resistance will be cultured in artificial media;

2. For each passage, the concentration of “test” antibiotic will be gradually increased in the artificial media;

3. After each passage, the bacteria will be plated on artificial media that contains a normal human dose of commonly used various 

antibiotics until strains that have mutated to develop antibiotic resistance are identified; and

4. Each resistant strain will be analyzed to under the nature of the mutation.

Having success in developing a laboratory strain of MRSA, Dr. Denver proposes studies to identify how quickly 

MRSA strains develop antibiotic resistance to the only antibiotics (e.g., vancomycin and ceftriaxone) we have 

available for treating MRSA.  The idea is to understand the nature of the mutation, and to develop a future arsenal 

of antibiotics.


