
‘Substantial equivalence’: Are GMOs as safe as other conventional and organic
foods?

re foods that contain genetically modified ingredients the same as foods grown conventionally,
or using organic practices? That question is at the heart of the debate over GMOs. Critics claim
there are meaningful differences; regulations in some companies assume there are, but don’t
identify them; most scientists say the differences are trivial, and that’s how US regulators have

traditionally viewed this issue. The phrase they use is “substantial equivalence.” 

Dedicated critics of crop biotechnology, aware of the regulatory significance of that phrase shape their
narrative to target this very phrase. In 2009, French professor and anti-GMO activist Gilles-Eric Séralini (
Read GLP Profile here) declared that he had found that engineering eggplant seeds to make them insect
resistant resulted in small variations that he claimed made the crops “unfit for human consumption.”

But the view that small changes resulting from genetic engineering are meaningful is not well supported
by the science or by independent scientists. In 2016, an Indian research team reported that they found 11
genetic differences between a form of rice genetically modified to express the bacterial blight-resistant
Xa21 gene and a non-transgenic rice strain. But they reported no significant nutritional differences.

The view of GMO critics is that any change can have unintended consequences—which is true, sort of.
Conventional breeding mixes genes in novel ways, and mutagenized crops, which are created by blowing
out the chromosomes of seeds over many years using chemical or radiation to create a novel product
randomly—like sweet grapefruits (which can be sold as organic foods), carry tens or hundreds of
thousands of random mutations. Genetic engineering changes at most a handful of genes and related
proteins—and scientists track them.

Are unintended consequences possible with GE foods? Of course. But the scientific consensus, endorsed
by many independent science groups in Europe, North America, and Asia, is that food grown from
genetically engineered seeds are as safe as non-GMO food—and least likely to cause unintended
consequences.

The consensus doesn’t sit with anti-technology activists. According to the site GMO Inside (Read GLP 
Profile here), the problem lies with the US Government, which regulates based its understanding of that
 pesky phrase: “substantial equivalence”:

Studies agree that the substantially equivalent rule is clearly flawed. Health studies have
pointed to concern over GMO usage, both for human and animal consumption, yet substantial
equivalence is still the status quo. These findings bring up a new stream of questions. Since
independent studies show how GMOs damage the environment and the ill effects GMOs have
on animal health, why does our government think substantial equivalence works?
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GMO animal feed inflames the stomachs of animals—many of whom have websites overseen by the
same anti-biotechnology outfit that runs GMOInside.

The activists also misstate how the US government uses the term “substantial equivalence.” The concept
arose from the US government’s requirement to assess the safety of new food products (as well as
medical devices or generic and biosimilar drugs). It’s not an assumption, but the result of extensive testing.

“Substantial equivalence” has been applied to foods since 1993; previously, the FDA used the concept to
approve medical devices. To get FDA approval, known as a 510K, the manufacturers had to show that
their new product worked essentially like existing, already approved products, among other
requirements. It was later extended to cover foods because plants vary a lot, including from plant to plant.
It doesn’t matter whether a plant is conventionally or organically grown, is transgenic (has ‘foreign’ genes)
or cisgenic (does not), or was breed using newer, gene editing techniques such as CRISPR-Cas9.

This variation could have occurred as an evolutionary process

or may have arisen from breeding techniques. And plants can vary in their variations. Corn, for example,
contains more nucleotide polymorphisms (small variations in gene sequence) than a tomato.

USDA scientist Owen Hoekenga, in an important 2008 paper, wrote that the variation in corn is so high
that “two maize varieties may be as different from each other as humans are from chimpanzees on the
DNA level.” But these varieties can still be considered “substantially equivalent”—because, in fact, they
are in all the ways scientists consider meaningful—whether it impacts body functions in unique ways or
alters its nutritional content.

Biology Fortified policy director Anastasia Bodnar has also shown that even in the same variety of plant,
genetic variances can exist:

If I use a microarray (test) to find similarly and differentially expressed genes in two genetically
identical plants grown in slightly different environments, I will find some genes that have
significantly different expression. Similarly, plants of different varieties grown in the same
environment will have different gene expression profiles.
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These could be “substantially equivalent,” too. But not based solely on genetic profiles.

Determining “substantial equivalence” depends first on establishing the extent of this range of variation in
a given plant. So, existing data is examined for original crop variation, and then a new trans- or cisgenic
crop is compared along the same metrics. If the new crop lies within that original range of variation, then it
is “substantially equivalent.” Note that even after a finding of substantial equivalence a new GE crops still
most go through extensive testing, with the government reviewing reams of data before a crop is
introduced—a process covering on average seven years and $135 million.
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Opponents of the substantial equivalence concept (which include some EU member states as Europeans
do not use this concept in its regulation of GE crops) object to this standard because there’s no clear
statistical “hard” basis and no quantitative range of effects (such as a standard deviation, or p-value) that
determines the border of “equivalent.” Furthermore, they claim there is no way to predict unintended (or
unexpected) surprise effects.

However, there are statistical analyses that are increasingly used to establish substantial equivalence.
Modern analytical equipment, including liquid/gas chromatography and mass spectrometry, and “lab on a
chip” microarrays, are very effective at detecting chemical changes in food. Also, the process of
mutagenesis, which is accepted in organic and other plant breeding, can also be used to determine
genetic changes. All these methods are resulting in the accumulation of more and more data, which is
available to anybody developing a new food product. Community standards, such as the MIAME
(minimum information about a microarray experiment), and MIAPE (minimum information about a
proteomics experiment), have been developed to determine what’s needed to ensure safety as much as
possible.

Just as biology is adaptable in often-predictable ways, so is regulation. “Substantial equivalence” isn’t
anything new by itself. The regulator standard is now, nearly 25 years old; it serves as just one part of the
evaluation of food safety.
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