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Outline 

•  A. Introduction  What are AquAdvantage 
Salmon and how they are created 

•  B. Potential health effects 
•  C. Potential environmental effect 
•  D. Conclusion 



AquAdvantage Salmon (AAS) 
•  Designed to reach market size in half the time as 

“conventional” Atlantic salmon 
•  Supposedly better for environment due to increased 

efficiency: less feed, less waste 
•  Components of genetic construct: growth hormone gene 

from Coho salmon and genetic regulatory material from 
Ocean pout 



AquAdvantage Salmon (AAS) 
•  How AAS are produced: 
•  All female GE population via use of gynogenesis and 

neomales 
•  GE neomales bred with non-GE Atlantic salmon and 

fertilized eggs pressure treated to induce triploidy; these 
triploid female fish will be sterile and are considered AAS.  

•  Production of triploid eggs on Prince Edward Island 
•  Eyed eggs sent to Panama where AAS will be reared to 

adults, processed and sent back to US 



AquAdvantage Salmon components 





GE Salmon does not always grow faster than farmed salmon 
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Salmobreed challenges GMO Salmon.  November 2011: 
http://www.salmobreed.no/newsletters/en/newsletter_5_2011.pdf  



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

(A) Structure of the opAFP-GHc2 construct that was injected 
into Atlantic salmon eggs to produce the EO-1α strain of 
transgenic Atlantic salmon. (B) Schematic of the genomically 
integrated transgene EO-1α. (From Figure 3 in Hobbs and 
Fletcher, 2008.)  





Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010  http://
www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

Pg. 63 in VMAC. 2010. 

Problems:  restricted list of direct and indirect effects. No look at effects 
of rearing fish in Panama. No use of molecular, biological and 
biochemical techniques to analyze potential changes at the level of gene 
transcription, message translation, post-translations processing, etc. to 
detect indirect effects. 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010  http://
www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

VMAC Briefing Packet 
AquAdvantage Salmon 
Page 66 

Table 13. Body Weight and Plasma Concentrations of Growth Hormone and T3  

GH (ng/ml) T3 (ng/ml) Fish Weight (g) 
 

GH Transgenic Atlantic 
salmon 

 
39.9 + 14.8 (5) 

 
1.1 + 0.5 (5) 

 
47.3 + 9.5 (6) 

 
Non-GE siblings & 

P-value 

 
28.2 + 8.8 (7) 

NS 

 
2.8 + 0.5 (5) 

<0.05 

 
9.48 + 0.6 (43) 

<0.01 

Controls & 
P-value 

20.5 + 7.97 (5) 
NS 

1.9 + 0.1 (3) 
NS 

10.4 + 0.6 (10) 
<0.01 

Growth hormone (GH) and triiodothyronine (T3) measured from the five largest GH transgenic Atlantic 
salmon, the largest non-GE siblings, and five blood samples pooled from two control salmon derived from 
non-injected eggs. Values presented as mean + standard error. Statistical comparisons were made 
between the GH transgenic Atlantic salmon and their non-GE siblings or the controls (method of analysis 
not reported). 

Mean plasma growth hormone concentrations did not differ statistically between the 
GH transgenic Atlantic salmon and either comparator (non-GE siblings or control 
samples). Mean plasma T3 concentration in the GH transgenic Atlantic salmon was 
statistically different from their non-GE siblings, but not statistically different from 
the farm control salmon. The authors noted that plasma GH levels ranged from 9.5 to 
91.4 ng/ml in the GH transgenic Atlantic salmon, with the largest salmon having the 
lowest concentrations. Similarly, the three largest GH transgenic Atlantic salmon had 
much lower plasma T3 concentrations (0.26 + 0.18 ng/ml compared to the two 
smaller GE Atlantic salmon (2.34 + 0.14 ng/ml)). 

The authors noted that GH enhances conversion of thyroxine (T4) to triiodothyronine 
(T3) in eels, and speculated that a similar action may occur in salmon. They 
speculated that there may be a negative feedback loop between GH and T3 which 
diminishes T4 production, and proposed that decreased T3 levels may serve as an 
indicator of expression of the GH from the inserted AquAdvantage construct. 
Regardless of the mechanism, the authors concluded that there was no correlation 
between blood plasma GH levels and growth rates or presence of the transgene 
(rDNA construct). 

The authors further speculated on the mechanism by which the expression of the 
construct mediates increased growth. They proposed that the arctic pout promoter 
provides a tissue specific expression in the liver, facilitating more efficient interaction 
between GH and the GH receptors in liver cells. This, in turn, may permit very low 
GH expression (with little or no increase in plasma concentration) to stimulate 
expression of IGF1, resulting in increased growth. Some support for this mode of 
action was provided in the 2008 study by Hobbs and Fletcher. In this study, the 
authors were able to show low level mRNA expression of the inserted construct in the 
EO-

Problems:  small sample size, fish too small, not relevant for human consumption 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

“No biologically relevant difference were detected in the levels 
of the gene product (the Chinook salmon growth hormone).” 
Pg. 61, VMAC. 2010.  Also note 40% increase in IGF-1 levels 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

VMAC Briefing Packet 
AquAdvantage Salmon 
Food Safety 

ii. ABT

The purpose of this GLP compliant study was to determine the concentration of 
insulin like growth factor 1 (IGF1), growth hormone (GH), estradiol, testosterone, T3, 
T4, and 11-ketotestosterone in salmon muscle and skin.  

Tissue samples were taken from a total of 73 diploid and triploid market-size salmon 
(10 farmed control, 33 sponsor control, and 30 ABT salmon). Validation information 
for each of the assay methodologies, and calibration data for the performance of the 
actual assays were provided. Calibration curve parameters, calculated concentrations 
for the standards, and calculated concentrations for the quality control samples were 
provided. 

Table 14 provides the summary of units, limits of quantitation and limits of detection 
for the assays. 

Table 14. Assay Parameters for Selected Hormones in Salmon Tissue 

Analyte Tracer 

Assay parameters* Amount per gram of 
tissue (ng/g)* Concentration in 

assay specific units 
Concentration 

(ng/mL) 
LLOQassay ULOQassay LLOQassay ULOQassay LLOQtissue LODtissue 

IGF1 125I-IGF1  1,500.0 50,000.0 1.500 50.00 3.27 2.18 

GH 125I-GH  2,500.0 20,000.0 2.500 20.00 10.40 6.24 

Estradiol 125I-estradiol  17.5 1,800.0 0.0175 1.80 0.018 a 
 
Testosterone 

125I-
testosterone  

 
36.4 

 
1,018.3 

 
0.459 

 
10.18 

 
0.46 

 
a 

 
T3 125I-T3  

 
36.4 

 
584.0 

 
0.364 

 
5.84 

 
0.36 

 
a 

 
T4 125I-T4# 

 
1.5 

 
15.0 

 
15.000 

 
150.00 

 
15.00 

 
a 

11-keto 
testosterone 

11-keto 
testosterone-
acetylcholin-
esterase  

18.9 850.2 0.019 0.85 0.019 a 

*  LLOQ=lower limit of quantitation, ULOQ=upper limit of quantitation, LOD=limit of detection
  Assay units are pg/mL. 
  Assay units are ng/dL. 

#  

 

Pg. 67 in VMAC. 2010 



Raven, et al. 2008. Endocrine effects of growth hormone 
overexpression in transgenic coho salmon.  General and 

Comparative Endocrinology, 159:  26- 37. 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

Pg. 102 in VMAC. 2010 

Endogenous allergenicity of AAS vs. control fish 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

“triploid ABT salmon pose no additional risk than control Atlantic salmon. 
Insufficient data and information were available from which to draw a 
conclusion regarding possible additional allergenic risk posed by diploid ABT 
salmon.”  Pg. 106, VMAC. 2010. 



Major salmon allergen, parvalbumin (Sal s1) 

•  ABT analyzed levels of Sal s1 using SDS-PAGE and 
Western blotting and “concluded that both ABT salmon and 
non-GE Atlantic salmon express one predominant isoform 
of parvalbumin; therefore, there is no qualitative difference 
between parvalbumin expressed in ABT salmon and control 
Atlantic salmon.” (Pg. 104 VMAC 2010) 

•  Technical flaws: lack of appropriate controls, experimental 
conditions that preclude detection of more than one band 
per FSFH lane, and poor quality of the Western blots 

•  FDA:  flaws so serious that “no reliable conclusions can be 
drawn from this study regarding parvalbumnin in ABT 
salmon vs. non-GE control.” (Pg. 105 VMAC 2010) 



Briefing Packet on AquAdvantage Salmon for Veterinary Medicine Advisory 
Committee. US Food and Drug Administration. September 20, 2010 http://

www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf 

Note: ratio of omega-3 to omega six is much higher in wild caught 
salmon, and slightly higher in farmed controls compared to AAS.   



Environmental issues 
•  US FDA draft Environmental Assessment (EA) focuses 

on outdated environmental risk assessment ideas from 
1991 (Kapuscinski AR and EM Hallorman.  1991.  Implications of introduction of transgenic fish into natural 
ecosystems.  Canadian J. of Fisheries and Aquatic Sciences, 48: 99107). 

•  No mention of key document published in 2007:  
Environmental Risk Assessment of Genetically Modified 
Organisms, Vol. 3:  Methodologies for Transgenic Fish 
by Kapuscinski et al. and need for “failure mode 
analysis” 

•  FDA assumes that containment systems for AAS will 
virtually never fail, so there will be no risk to US 
environment.   



Environmental issues cont’d 
•  Confinement measures (physical, chemical, 

geographical, and biological) will ensure that no fish 
escape facilities in PEI or Panama; if they do, AAS will 
die due to environmental conditions in Canada and 
Panama 

•  No confinement 100%. EA: “both the production of eyed-
eggs and the grow-out of the fish is to be conducted only 
in land-based facilities with redundant physical 
containment measures and with point-to-point control of 
shipping and land-based materials transfer.” (Pg. 74 draft 
EA).  No evidence FDA has legal authority or inspection 
capability to impose these conditions 



Environmental issues cont’d 
•  Biological confinement not 100%.  FDA will allow up to 5% 

diploid, e.g. fertile, individuals.  Also, there is the issue of 
“exceptional diploids.” 

•  Questionable assumptions used to argue that odds of survival 
after escape of AAS in either PEI or Panama is virtually zero. 

•  EA assumes “there is no a prioriˆreason” for AAS to have 
higher temperature tolerance compared to non-GE salmon, so 
AAS can’t survive in waters near Panama facility. 2010 study 
(Lõhmus M, Sundström LF, Björklund M and RH Devlin. 2010. Genotype-temperature interaction in the regulation 
of development, growth and morphometrics in wild-type, and growth-hormone transgenic coho salmon. PLoS ONE 

5:e9980) found that found that GE coho salmon (with an added 
growth hormone gene) grew faster at 18o C than at 12o C, 
whereas non-GE coho salmon did not. Temperature in river 
near grow-out facility is 15 to 19 C. 



Environmental issues cont’d 
•  EA assumes that water is too cold and too salty at PEI facility 

to survive.  But EA provides no data. 
•  US Fish and Wildlife Service critical of EA.  “Region 5 

Fisheries Program Comments on FDA approval process for 
Aqua Bounty Technologies, Inc. (ABT)/AquAdvantage GMO 
salmon,”: “If the brood stock from the PEI facility were 
released either accidentally or with malicious intent, we do not 
feel enough evidence has been provided to conclude the risks 
to natural populations of Atlantic salmon in Canada and US 
are negligible. Additional experimentation needs to be 
conducted to verify that any escapees from the PEI facility will 
not be able to tolerate the brackish water in the vicinity of the 
facility. Also, the lack of information on the transport 
procedures from PEI to Panama is troublesome. It is during 
this stage of the operation that malicious activities could result 
in these fish being lost from the direct control of ABT.”  



Environmental issues cont’d 
•  US Fish and Wildlife Service:  “considerations about the 

potential implications to the listed Atlantic salmon stocks 
in Maine would need to be addressed, including the 
genetic issues, such as the threats such as introgression 
if escapes occurred.”  

•  EA fails to consider all likely grow-out locations, including 
US sites.  Memo obtained under Freedom of information 
Act and released on April 25, 2013:  Joseph Moran, 
USFWS official, sent an email in 2011 noting that “We 
received a call yesterday that a private West Virginia 
aquaculture facility (Wilson Mill Farms) may submit a 
request under Title 50 to import as many as 80,000 
genetically-modified salmon eggs ... to accomplish grow-
out field testing.”  



Summary 

•  Major questions remain.  Does AAS grow faster 
than best farmed salmon? 

•  Food safety assessment and environmental 
assessments severely flawed.  No data on AAS 
raised in Panama 

•  Potential human health issues includes 
increased allergenicity of AAS, changes in IGF-1 
levels 

•  No failure-mode analysis for environmental 
effects 


