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Sterility of Farmed Fish: the Rationale

• Achieve better somatic growth

• Prevent deterioration of flesh quality and mortality

• Protect IP strains

• Biological containment: prevent propagation of 

farmed/domesticated, non-native and GM fish

flesh ovaries: 20%



Genetic Impacts of Salmon Escapees
Farmed fish should be sterile 



• GE Salmon must be sterile (FDA-November 2015)

• Triploid sterile salmon often display performance issues, not 
well received by industry 

Recently Approved: AquAdvantage Salmon-
Genetically Engineered for GH (US, Canada)



The Search for a New, Non-GMO Approach to 
Sterility- Disrupting Early Reproductive Development 

48 hrs
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Tg(gnrh3:EGFP/kop:DsRed-nanos3) double 
transgenic fish for visualizing disruption
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Early development of GnRH3 
in Tg(GnRH3-eGFP) ZF

Abraham et al, 2008
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A new approach to sterility 1: disrupt the 
early establishment of the GnRH system

No GnRH, FSH/LH                           

No Gonads



Migrating primordial 

germ cells

Gonad

PGCs are reproductive “stem” cells that migrate to the developing 

gonad guided by a gradient of stromal-derived growth factor (Sdf-1a) 

Sdf-1a

gradient

Early Migration of Primordial Germ Cells (PGCs)

Modified from G. Yoshizaki



Wong et al, 2013
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Overexpressing Sdf-1a in ZF results in 
mis-migration of the PGC and sterile fish
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A new approach to sterility 2: disrupt the 
early migration of the PGCs

No gonads 



• Use Tg fluorescent zebrafish (GnRH, PGCs) to screen (via 

immersion) for silencing compounds that disrupt the  

development of the GnRH system or PGCs and induce sterility   

• Determine minimal doses, duration and timing of immersion

• Select compounds and conditions to apply in trout/salmon

The Strategy For Developing 
Non-GM Sterile Fish
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Screening for compounds that disrupt GnRH3 or 

PGC development in the G/R-FP zebrafish model

Arianna Servili; Ten-Tsao Wong 



Screening for compounds that disrupt GnRH3 or 
PGC development in the G/R-FP zebrafish model



Screening for compounds in the zebrafish model
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Immersion in PGC silencing compounds led to their 
mis-migration and 100% sterility in zebrafish

InfertileTestesOvaries

Wong and Zohar, 2014, 2015
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Implementing the findings in trout and            
Atlantic salmon

USDA-WV USDA-METroutlodge



A recent scale-up trial at AquaGen



Atlantic salmon- monitoring performance to maturity:
survival, growth rate, stress tolerance- fresh water and cages 
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The search for early indicators of 
sterility: nanos3- a germ cell marker  

(Atlantic salmon- 2.5 weeks PH)
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Tilapia dnd-MO (tdnd-MO) disrupted PGC 
development in tilapia larvae



In Conclusion:

• Mismigrating PGCs do not make it to the gonad leading to 

reproductively sterile fish  

• The GnRH3 system is very robust, plastic and recovers from early 

arrest of migration resulting fertile fish 

• Silencing of genes responsible for early migration of GnRH3 

neurons and PGCs disrupt the development of both systems   

• Germ cell markers are making it possible to quickly optimize 

sterility protocols in salmonids and other farmed species

• 5 hour immersion in Dnd-Mo-Vivo leads to 100% sterility in 

zebrafish with no effect on performance; 48 hour immersion 

is effective in rainbow trout and Atlantic salmon; Promising 

early results in tilapia
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