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There is current debate whether genetically modified (GM) plants 
might contain unexpected, potentially undesirable changes in 
overall metabolite composition. However, appropriate analytical 
technology and acceptable metrics of compositional similarity 
require development. We describe a comprehensive comparison of 
total metabolites in field-grown GM and conventional potato 
tubers using a hierarchical approach initiating with rapid metabo- 
lome "fingerprinting" to guide more detailed profiling of metab- 
olites where significant differences are suspected. Central to this 
strategy are data analysis procedures able to generate validated, 
reproducible metrics of comparison from complex metabolome 
data. We show that, apart from targeted changes, these GM 
potatoes in this study appear substantially equivalent to tradi- 
tional cultivars. 

genetically modified substantial equivalence I machine learning 

There is concern that genetic engineering may allow intro- 
Eduction of unforeseen traits into crops, causing them to 

contain undesirable metabolites (1, 2). "Substantial equiva- 
lence" is used as the starting point to structure current food 
safety assessment and suggests comparison of intended differ- 
ences between the genetically modified (GM) plant and progen- 
itor cultivar (1, 2). We compared field-grown tubers from 
conventional potato cultivars and genotypes bioengineered to 
contain high levels of inulin-type fructans (3, 4). Inulins stimu- 
late bifidobacteria growth in the intestine and help to boost 
digestive tract pathogen resistance (5). The beneficial effects of 
inulins as prebiotic food supplements have been well publicized; 
thus, this metabolic pathway provides a readily understandable 
scientific context. Two classes of experimental transgenic line 
developed in the cultivar Desiree were investigated. The first 
transgene coded for the enzyme sucrose:sucrose 1-fructosyl- 
transferase (SST), which transfers a fructosyl residue from one 
sucrose molecule to another, producing the trisaccharide 1-kes- 
tose, and oligofructans up to 5 degrees of polymerization (DP) 
(3, 4). The second transgene was fructan:fructan 1-fructosyl- 
transferase (FFT), the product of which utilizes 1-kestose (and 
other oligofructans) to build inulin polymers (3, 4). 

In any compositional comparison it is important to develop 
robust metabolomics methodology allowing for, as near as 
possible, a global analysis of metabolite content (6-8). Estab- 
lished methods for metabolite analysis include gas chromatog- 
raphy, HPLC, or capillary electrophoresis, usually linked to mass 
spectrometers (9-11). Such approaches result in detailed knowl- 
edge relating to only a subset of previously characterized me- 
tabolites (6-11), and studies thus far have been restricted to 
single, relatively small batches of plants produced under con- 
trolled growth conditions (9, 12-14). For an initial screen of 
overall compositional similarity, we propose more rapid and less 
selective fingerprinting techniques that do not incorporate a 
chromatographic step (8, 15-18). Fingerprints based on MS, such 
as flow injection electrospray ionization (FIE)-MS, can be 

regarded as simplified images of total sample composition in that 
the measured variables (m/z) are compiled by integrating the 
levels of more than one metabolite (e.g., for isomers). Where 
compositional differences unrelated to the bioengineered trait 
are suggested, substantial equivalence testing can be applied to 
more detailed metabolome analysis involving a chromatographic 
step guided by the fingerprinting results. 

Defining substantial equivalence does not fall neatly into a 
standard statistical task. Unsupervised data analysis techniques, 
such as principal components analysis (PCA) (19) look for 
regularities in unlabeled data. Supervised techniques, such as 
linear discriminant analysis (LDA) (19, 20) and decision tree 
analysis (21), build models that discriminate between labeled 
data (22, 23). However, for substantial equivalence we are 
interested in data similarity rather than the ability to discrimi- 
nate classes. We reason that if an unsupervised algorithm 
clusters metabolome samples close together, then they can be 
objectively considered to be similar, and if classes cannot easily 
be discriminated by supervised methods then they are objectively 
similar. 

The overall experimental approach was to initially evaluate 
the degree of compositional similarity between tubers of indi- 
vidual traditional potato cultivars. This comparison provided a 
context for determining whether transgenic potatoes displayed 
alterations in metabolite composition outside the range exhib- 
ited normally by conventional cultivars. To ensure comprehen- 
sive coverage of the metabolome, a hierarchical approach was 
adopted that initially involved a nonselective metabolite finger- 
printing technique followed by more detailed global profiling of 
individual metabolites and finally a targeted analysis of any 
metabolites responsible for discriminating GM genotypes. Data- 
mining methods were used that were specifically capable of 
identifying metabolites responsible for differences between po- 
tato genotypes. The use of several different data analysis meth- 
ods ensured that any conclusions relating to metrics of similarity 
were independent of specific statistical treatments. 

Materials and Methods 
Plant Material. The experimental transgenic genotypes derived 
from the progenitor cultivar Desir6e are described in ref. 3. The 
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