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Sources of unintended effects associated with genetic engineering 

Genome-wide structural rearrangements resulting from genetic 
transformation method and/or the molecular biology of insertion 
  

Structural rearrangement at the site of transgene insertion 

Unanticipated function of the transgene sequence 

Intended: Pest resistance 
Unintended: Up-regulates pathway X 



 

What is the molecular nature of these effects? 

Krysan et al., 1999 



12 translocations / 64 lines 



 

Even with single T-DNA insertions, structural rearrangement still exists 



 

Biolistic transformation generally creates more complex insertions 

www.eplantscience.com 



 

Do we observe similar patterns of structural rearrangement  
in plant and crop populations? 

5 plants; 30 generations of self-pollination 





 

How do we find structural variants with next-generation sequencing data? 

Baker, 2012 



 

Insertion variation in cultivated rice populations 

X. Xu et al. 2012 



Vaughn and Bennetzen, PNAS, accepted 

 

How do natural events compare with induced structural variation? 



 

Local duplications are commonly observed 

Vaughn and Bennetzen, PNAS, accepted 



 

Origins of inserted sequences 

Vaughn and Bennetzen, PNAS, accepted 











 

SceI homing endonuclease induces precise double strand breaks (DSB) 

Target Site 

Site-containing parent 

Enzyme-containing 
 parent 

Fang Lu, unpublished 



 

Induced double strand break repair creates complex insertion patterns very  
similar to those observed in natural populations 

Soo-jin Kwon, unpublished 



Salomon and Puchta, The EMBO Journal, 1998 (modified) 

 

Double-strand breaks can create large insertions but do not appear to activate 
transposable elements 



 

Double-strand break repair mechanisms 

Synthesis-dependant strand 
annealing (~5-0.001%) 

Single strand 
annealing (~30%) 

Nonhomologous 
end-joining (~65%) 

T Helleday, et al. 2007 



 

T-DNA-induced rearrangement has a pattern of mutation similar  
to double strand break repair 

Iida and Terada, Current Opinion in Biotechnology, 2004 



General observations 

T-DNA-induced rearrangement has a pattern 
of mutation similar to double strand break 

repair though it is likely to be less disruptive 
than transposon movement 

 

Double strand breaks and transposon activity 
result in structural variation in essentially 

every new plant variety 

Structural rearrangements are not unique to 
transgenic plants 



A new generation of transgenics 
  



Thanks 





The way man intended 

“Keep crops the way God intended” 

“The way Monsanto intended” GMO 







1.4 inserts per 
 transformant 



 

Inference of insertions based on Oryza glaberrima genome 

O. sativa var. indica  (#93-11) 

O. sativa var. japonica (Nipponbare) 

O. glaberrima 

Whole genome alignments 

Structural variations from X. Xu, et al. 2012 
(chromosomes 1, 3, 8, and 10) 

Local realignment with reference, variant, and outgroup at the colinear loci 

Inference based on outgroup state: 15 bp of >90% identical flanking sequence with no gaps 
13,042 
(~35%) 

10,275 (ARO) 
8,023 (TRJ) 
18,824 (IND) 

~37,000 total 





 

~20% of transgenic plants will have an unintended effect 

Inversely proportional to genome size 

but represents a lower limit 



 

Patch-mediated model for the origin of tandem duplications 

annealing(?) and ligation 

base excision repair 





 

Deep sequencing DSB repair sites 

Huefner et al., 2011 



 

Do structural variants explain a disproportionate amount of phenotypic variation? 

There is theoretical justification for the hypothesis that even a small structural variant has a higher probability of altering phenotype than a single base substitution. 


