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Genetic alteration of mosquito 
populations

Physiology: Unable to digest blood or complete vitellogenesis.
 Salivary proteins important in blood meal acquisition
 Midgut proteins important in digestion

Immunity: Unable to support pathogen replication/transmission.
 RNAi and the intertwined nature of small regulatory RNAs

DNA repair: Engineering the mosquito genome and improving gene 
 drive approaches

Sex Determination: Conversion to males that do not bloodfeed.
 Nix is a dominant M-factor



http://nas-sites.org/gene-drives/

“Although there is insufficient evidence 
available at this time to support the 
release of gene-drive modified 
organisms into the environment, the 
likely benefits of gene drives for 
basic and applied research are 
significant and justify proceeding 
with laboratory research and highly-
controlled field trials.”

http://nas-sites.org/gene-drives/
http://nas-sites.org/gene-drives/


Gene Drive



Gene drive in the news



Gene drive in the news



Gene Drive is: 

1) A completely new phenomenon in laboratory 
research

2) A process that completely breaks all laws of 
inheritance

3) A really good way to get around town

4) A term that has limited utility as a starting 
point for risk assessment.  



What containment 
should I use?Umm, what do you 

work with?



Microbes!Such as?



Bacteria!Yea, I’m going to 
need something more 
specific?



Viruses!…



And gene 
drive!I give up…



Agent Risk Assessment

Can it harm workers?

Can it harm community?

Can it harm the 
shared environment?



Diploid (2 copies of each chromosome)

Haploid (1 copy of each chromosome)

Mendelian inheritance of genes

Half (50%) of 
gametes 
(eggs/sperm) carry 
the transgene



Diploid (2 copies of each chromosome)

Haploid (1 copy of each chromosome)

Homing-based Gene Drive
Mode of inheritance 
is still the same

All (100%) of 
gametes 
(eggs/sperm) carry 
the transgene



Homing-based Gene Drive
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2015 Science ;348(6233):442-4.

Homing-based Gene Drive



“For each targeted locus we observed a strong gene drive at the molecular level, with transmission 
rates to progeny of 91.4 to 99.6%.”

Homing-based Gene Drive



A new gene drive target shows no signs of 
resistance development 



Homing-based gene drive: Same mechanism, 
completely different risk profiles

I-SceI

Potential for spread in environment

None, target site not present in any 
natural population

I-SceI target 

Nuclease Target 

CRISPR yellow
Limited to none, as gene is not 
essential and resistance was selected 
for rapidly

CRISPR 
Gene 
involved in 
reproduction

Limited, even though gene is 
essential, resistance was rapidly 
selected for

CRISPR 
Gene involved 
in female sex 
determination

Possible, resistance was not selected 
for in laboratory populations. Target site 
conserved in wild populations. 



Diploid (2 copies of each chromosome)

Haploid (1 copy of each chromosome)

Selective survival gene drive
Mode of inheritance 
is still the same

All (100%) of 
gametes 
(eggs/sperm) carry 
the transgene



Concept can be adapted for targeting any maternally deposited 
transcript vital for embryo survival; Very stable, highly invasive. 

Gene Drive: MEDEA 



Selective Survival: X-shredding in An. gambiae



Any attempt to begin risk assessment based on 
the use of a particular technology has little chance 

of keeping up

New technologies that might also result in gene drive have likely not been 
built yet

How fast does it spread?

H
ow

 lo
ng

 d
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s 
it 

la
st

?

Rapid spread, 
self-limiting

Slow spread, 
long lasting

Rapid spread, 
long lasting

Slow spread, 
self-limiting

SIT



My lab makes 
transgenic insects, 
what containment 
should I use?

Are you making any 
kind of gene drive?



Nope. 
Ok. How about 
we use… 

Just trying to make 
them resistant to 
insecticides. 

Wait…what?



And live longer… Wait…what?



And better survive 
the winter…Wait…what?



And better resist 
their predators……



A updated starting point for risk assessment 
of laboratory-based  transgenic organisms

• Is the introduced transgene (or combination 
of transgenes) likely to persist or spread 
through a natural population if introduced?

Includes some gene drive transgenes, but also 
transgenes that provide a net benefit 

Includes some gene drive transgenes, but also 
transgenes that are neutral or confer a 
disadvantage

Yes

No



Risk Assessment– Infectious Agents
Risk 

Group      Definition Examples

1 Agents that are not associated with disease in 
healthy adult humans B. subtilis

2
Agents that are associated with human disease 

which is rarely serious and for which preventive or 
therapeutic interventions are often available

Salmonella

3

Agents that are associated with serious or lethal 
human disease for which preventive or therapeutic 
interventions may be available (high individual risk 

but low community risk)

Prions, 
HIV types 1 

and 2

4

Agents that are likely to cause serious or lethal 
human disease for which preventive or therapeutic 

interventions are not usually available (high 
individual risk and high community risk)

Lassa virus,
Ebola virus; 



Risk 
Group      Definition Gene Drive No Gene Drive

?
Transgenes that are less fit 
than wild-type and cannot 
persist/spread in the wild

Homing-drive (no target), 
Underdominance

EGFP inserted into
vital gene

?
Transgenes that may persist in 
the wild in the short term, but 

cannot spread

Homing-drive (resistance 
alleles can be selected, 

target site limited)

EGFP inserted into 
neutral location

?
Transgenes that may 

spread/persist in the wild in the 
long-term, but cannot transfer 

to new species

Homing-drive (resistance 
alleles cannot be 

selected)

Gene than confers
increased 

disease/pesticide 
resistance (no 
hybridization)

?

Transgenes that are likely to 
spread/persist in the wild and 
present a significant risk of 
horizontal transfer to new 

species.

Homing-drive (resistance 
alleles cannot be 

selected), target site 
conserved in related 

species

Gene than confers
increased 

disease/pesticide 
resistance 

(hybridization)

Containment conditions/practices set on case-by-case basis

Safety Considerations – Transgenes



IBC, NIH Director

IBC, OBA
IBC, IRB

IBC  (approval prior to 
initiation)

IBC (notification at initiation, 
eventual approval)

Exempt
Hazard

Regulatory Landscape for Gene Drive in Laboratory 
Containment 

Human Gene 
Therapy

Cloning of 
potent 

biological 
toxins

Generating microorganisms 
resistant to molecules used 

for treatment

Gene drive in yeast

Gene drive in 
some plants 
and rodents 

Gene drive in 
insects/animals 

(except rodents) and 
invasive weeds

Individual Entities may require additional review

Entities receiving no NIH money may not require any review



To drive or not to drive (in arthropods)…

Section III-D-4: Experiments 
involving whole animals

It doesn’t matter according to the current NIH guidelines, it falls under: 



Challenges for IBC review of 
transgenic arthropod research

Transgenic arthropods alone present little risk to the health and 
safety of laboratory workers and thus may not be given as thorough a 
review as pathogen-based work or human gene therapy. 

PIs may be less familiar with the NIH 
guidelines, principles of biosafety.  

NIH/BMBL provides little to no specific 
guidance on containment for arthropods.



Bacteriology
Virology
Cell culture
Gene therapy
Occupational/Public  Health

Animal Expert
Plant Expert

Community (Public Health)

Entomology
Biological Control
USDA Quarantine
Ecology
Invasive species

Expertise typically found on IBCs Expertise not typically found on IBCs

PIs familiar with IBC process PIs not familiar with IBC process



Section V-M. Determination of whether a pathogen has a 

potential for serious detrimental impact on managed 

(agricultural, forest, grassland) or natural ecosystems should 

be made by the Principal Investigator and the Institutional 

Biosafety Committee, in consultation with scientists 

knowledgeable of plant diseases, crops, and ecosystems in 

the geographic area of the research.

Risk assessment for laboratory 
research using transgenic arthropods

Transgenic arthropod

^

???



Challenges for IBC review of 
transgenic arthropod research

Transgenic arthropods alone present little risk to the health and 
safety of laboratory workers and thus may not be given as thorough a 
review as pathogen-based work or human gene therapy. 

PIs may be less familiar with the NIH 
guidelines, principles of biosafety.  

NIH/BMBL provides little to no specific 
guidance on containment for arthropods.



So, what containment 
should I use?



 Physical  (Appendix G, P, Q)
Practices
Equipment
Facilities

 Biological  (Appendix I)
Survival
Transmission

Modified from: NIH/OBA

designed by freepik.com

Containment practices

No specific 
guidance for 
arthropod 
containment



Arthropod Containment Guidelines

• Developed by a subcommittee of the American 
Society of Tropical Medicine and Hygiene in 2003.

• Containment levels 1-4 to mirror handling 
pathogen-infected arthropods (based on agent 
BSL)

• Containment ACL-2 designated for genetically-
modified arthropods.

• ACG do not mention gene drive, but current 
interpretations utilize ACL-2 as well.

ACG are not binding and may or may not be utilized by PIs/IBCs



ACGs are structured to contain both 
the vector and the microbial pathogen

Benedict et al (2018) VBZD 



Arthropod Containment Guidelines



Review:
– Work practices (SOPs, biosafety manuals)
– Safety equipment
– Personal protective equipment
– Training needs
– Facility design
– Security

IBC (with BSO/Office of Biosafety)



Corridor (outside 
containment)

Vestibule

Workroom

Rearing

Free insects?

Irregular

Rare

Extremely 
rare/never*

Extremely 
rare/never*

* For some common insects, it is possible for wild relatives to enter from the outside

Containment is multi-layered for a reason



Corridor

Vestibule

Workroom

Rearing + 
IGF

Corridor

Vestibule

Workroom

Rearing

IGF

Segregate insects with invasive genetic factors 
(IGFs) from other transgenic and stock strains



Challenges for IBC review of 
transgenic arthropod research

Transgenic arthropods alone present little risk to the health and 
safety of laboratory workers and thus may not be given as thorough a 
review as pathogen-based work or human gene therapy. 

PIs may be less familiar with the NIH 
guidelines, principles of biosafety.  

NIH/BMBL provides little to no specific 
guidance on containment for arthropods.



Hold on…
Can I see your 
SOPs?

Grad PI

Post-doc PI

Colleague

Can I see your 
SOPs?…



IBC/Biosafety



Detail 
Utility

Standard Operating Procedures

Procedures 
insufficiently 
documented

Procedures too 
difficult to 
remember and 
keep updated

Having a great facility means little if it is no one knows or follows the rules…



Written SOPs may or may not equal 
actual practices

Are actual practices working?

If so, document them. 

If not, get them working, then document them. 

Questions for lab members, staff, students (inspection, tabletop 
exercise).

All SOPs worked out using non-transgenic versions with effective 
monitoring.



Access SOP:
Restricted to authorized, trained personnel only

What is your key? Who gets one? Who gives them out?



Entry/Exit SOP:

Insectary is separated from corridor via at least 
two self-closing doors

Passage through a relatively small double-door 
vestibule
Having the physical structure of a vestibule is 
meaningless if there are no procedures for 
how to progress through this area

Lab workers will only perform a diligent examination 
of the vestibule space during every entry/exit if it is 
an engrained part of the safety cultureCorridor

Vestibule

Workroom

Rearing

IGF



Facility integrity SOP:

The facility is evaluated annually for compliance to 
the ACL-2 level

Corridor

Vestibule

Workroom

Rearing

IGF

How often are screens, 
caulking, traps inspected?

How will work be suspended or 
stopped for facility maintenance 
(planned or unplanned)?



Waste SOP: 

Devitalization, waste disposal, and routine 
decontamination

drawception.com

Arthropods with IGFs should be 
killed  multiple times, just to make 
sure they are dead…

All solid waste autoclaved. 
No living stages placed in solid 
waste stream (autoclave bag).

Many ways of killing (either within cages or once free from cages should 
be available)



Tracking/ responding to escapes SOP: 

Escaped arthropod handling, monitoring, and accidental release 
reporting 

“Remember, there is no problem so bad that 
you cannot make it worse”

-Canadian astronaut Chris Hadfield



Tracking/ responding to escapes SOP: 

Escaped arthropod handling, monitoring, and accidental release 
reporting 

Some escaped arthropods will find you, many others will not

Escaped arthropods are everyone’s concern

Every attempt must be made to link an escape event to a work practice
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Lab 
commissioning

New technique/
equipment

New 
personnel

Additional SOPs 
developed

SOPs 
revisited; re-

training

SOPs are living documents, and must be revised 
based on how things are going



Single lab Multiple labs Dedicated multi-
user building

Access/Security

Training

Day-to-Day Oversight

Cost

Maintenance

Few individuals Many individuals Centralized access

Single PI Multi PI Centralized training

Single PI Multi PI Independent Biosafety

Single renovation Multi-renovation Dedicated building

No dedicated personnel No dedicated personnel Dedicated personnel

Single PI SOPs Multi, variable SOPs Centralized SOPsOperating Procedures

As IGF activities grow, consider dedicated space



Further reading



Summary
Gene drive refers to introduced genetic 
material capable of increasing its frequency 
in a given population in spite of providing no 
benefit or even a fitness detriment



Summary

Gene drive transgenes can be built with a 
range of risk profiles, each one needs to 
be evaluated on a case by case basis



Summary

Remember, transgenes can be invasive 
even without gene drive!!!





Questions?
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