Deleterious Gene Spread

U.S. ARMY CORPS OF ENGINEERS Building Strong®

ANS Control: Deleterious Gene

Spread — Daughterless Gene and
Trojan Y Chromosome Technologies

Targeted Species: This genetically-
based technology is an effective
control for fish. Specific ANS
identified as ANS of Concern —
CAWS ! that may be controlled with
this technology include bighead carp
(Hypophthalmichthys nobilis), black
carp (Mylopharyngodon piceus), sea
lamprey (Petromyzon marinus) and

Source: National Oceanic and Atmospheric
v
x>
)

Administration

silver carp (H. molitrix). DNA can be manipulated to produce only male offspring,

. . . leadina to the eventual extinction of a species.
Selectivity: This experimental

technology is under consideration for targeting bighead carp, black carp, sea lamprey and silver carp.
(Teem et al. 2011).

Developer/Manufacturer/Researcher: All projects are presently in the research phase. Research
organizations include the Commonwealth Scientific and Industrial Research Organisation (CSIRO) in
Australia, U.S. Fish and Wildlife Service, and the US Geological Survey’s Hammond Bay Biological
Station, MI.

Brief Description: There are hundreds of genetically-based strategies that have been or are currently
being experimentally tested to control a target population of a non-native species (Pimentel et al. 1989;
Muir & Howard 2002; Kapuscinski et al. 2003; Thresher & Kuris 2004; Kapuscinski 2005; Snow et al.
2005; Bergstedt & Twohey 2007). This fact sheet addresses only those with the highest potential to
manage ANS fish species in the CAWS. These techniques involve the production and release of
genetically altered fish that bear a deleterious genetic construct (transgene) designed to disrupt a
specific aspect of the organism’s life cycle or biology. Genetic disruption is achieved by releasing fish
that produce: offspring of a single sex; sterile offspring; or non-viable embryos (Kapuscinski 2005;
Kapuscinski & Patronski 2005; Grewe et al. 2005). A variety of genes could be targeted to control
aspects of development, survival, or gametogenesis in offspring. Two autocidal genetic biocontrol
methods have been proposed as a means to eliminate invasive fish by changing the sex ratio of the
population: the daughterless gene strategy and the Trojan Y.

Daughterless Gene — Daughterless gene technology is a form of sex ratio distortion, where a transgene
disrupts a key step in sexual development (i.e., expression of aromatase enzyme) to produce all-male

! For a complete list of the 39 specific ANS of Concern — CAWS, please see Table 1 of the main report.
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offspring (Werren et al. 1981; Thresher 2008; Thresher & Bax 2003, Kapuscinski & Patronski 2005;
Thresher et al. 2002). The transgene is inheritable to future generations (Thresher & Bax 2003) and
progressively skews the population sex ratio to the point where the population’s reproductive output
begins to decline leading to extinction (Grewe 1997; Burt 2003).

Trojan Y Chromosome — The Trojan Y chromosome strategy makes use of a genetically engineered
female fish with multiple Y chromosomes. In this approach, a female fish with two Y chromosomes
(Trojan Y) is added to a target population. Subsequent mating of the Trojan Y fish with males of the
target population would result in the production of all male progeny, half of which are super males
(males with two Y chromosomes, making them sterile) (Gutierrez & Teem 2006). Models indicate
that for fish species that mature and reproduce once a year, the timeframe for extinction is about 70
years if the Trojan Y fish is stocked at 1.66% of the total population annually (Teem et al. 2011).

Prior Applications: The concept of daughterless gene technology has been around since the mid
1960s (Hamilton 1967). Models indicate that these technologies are feasible, at least under laboratory
conditions, and they have been considered for experimental use in Australia, Florida, and the Great
Lakes (Bergstedt & Twohey 2007). Thresher (2008) reported that the CSIRO would be ready to
conduct a field test of daughterless carp technology in as little as 5 years (2013) in Australia. The
Trojan Y chromosome strategy has not been attempted in wild populations.

General Effectiveness: Deleterious genes have not been field tested, but mathematical models have
been developed to demonstrate their potential effect.

Daughterless Gene — Preliminary modeling done by Thresher & Bax (2003) showed that when 5% of
wildtype carp recruits in a year were replaced with daughterless carriers, a common carp population
would show a significant decrease in population levels by 2020 and near extinction by 2030 in
Australia. Although the daughterless gene technology appears to have lab research that is the most
developed of all transgenic biocontrol strategies, a vast majority of the research has been done outside
of North America. Literature indicates that this technology is genetically feasible and has the potential
to control aquatic nuisance species, but the potential efficacy of this technique will depend on site- and
species- specific characteristics.

Trojan Y Chromosome — A model that compared daughterless gene and Trojan Y chromosome
strategies showed that the Trojan Y chromosome strategy worked faster and required the introduction
of fewer genetically engineered fish to the target population to achieve local extinction (Teem et al.
2011).

Operating Constraints: Manipulation of genes can manifest unforeseen and significant undesirable
side effects and would require extensive research before being accepted as a Control (Liberman et al.
1996). Unintended consequences, such as the spread of genetic material to other species, should be
understood before application of this Control. The ecological and economic costs of non-selective
treatments will be important to weigh against the risk of spreading genetic material to other species.
The subtle effects of even minor variability in some genetic parameters suggest that genetic technigques
be applied in an active adaptive management framework (Bax & Thresher 2009). The Food and Drug
Administration regulates genetically engineered animals through its New Animal Drug Application
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process under the Federal Food, Drug, and Cosmetic Act, and would be the lead Federal agency for
permitting the application of this technology in the United States.

Cost Considerations:

Implementation: Implementation costs would include the cost of fish and staffing fish release
activities. Planning and design activities in this phase may include research and development of
this Control, modeling, site selection, site-specific regulatory approval, plans and specifications,
and real estate acquisition. Design will also include analysis of this Control’s impact to existing
waterway uses including, but not limited to, flood risk management, natural resources,
navigation, recreation, water users and dischargers, and required mitigation measures.

Operations and Maintenance: Operations and maintenance costs would include effectiveness
monitoring and continued release of fish.

Mitigation: Design and cost for mitigation measures required to address impacts as a result of
implementation of this Control cannot be determined at this time. Mitigation factors will be
based on site-specific and project-specific requirements that will be addressed in subsequent,
more detailed, evaluations.
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