
 

Dr John Latham - a genetic scientist who has studied plant virology. He did his Phd 
at the John Innes Institute, and now works as a scientific journalist. 

________________________________________________________________ 

 

I will, this evening, call GM crops transgenic crops, because the term is less 
confusing. In conventional plant breeding genetic modification occurs and many 
people have made a lot of mileage out of confusing transgenic crops with 
conventionally bred ones. What we are talking about is putting new genes into crops, 
which is essentially a different technology from conventional plant breeding. 

 

Before I talk about the science behind transgenic crops, it is important to consider 
what might occur if genetic engineering works the way it is advertised to work. My 
strong suspicion is that it will lead to the further intensification of agricultural 
production, because it is organised and led by the companies that have an interest in 
the intensification of agriculture. 

 

I also believe that it will lead to the further commodification of the food chain. For 
example, consider the transgenic tomato which has a much longer shelf life. This is 
strongly favoured by supermarkets, big producers and intermediaries in the food 
chain for the obvious reason that it is inconvenient to have tomatoes that only last a 
week or two on the shelf. But there is a penalty for consumers. Tomatoes that are six 
weeks old are probably not as nutritious as tomatoes that are one week old. The 
'Flavr Savr' tomato is supposedly only different in that it does not go soft or mouldy. 
There would have to be a lot of questions asked if the nutritional quality of the tomato 
did not decline, because that would imply that there is something different about this 
tomato which was not intended to be engineered into it in the first place. 

 

A transgene 

 

A transgene is composed of DNA and consists of three main parts. 

 

There is the coding sequence, which specifies the protein that will be made. The 
protein can be an enzyme, a pharmaceutical such as a vaccine or antibody, a virus 
protein, or it could be a Bt toxin, which is poisonous to insects. That's the business 
end of a transgene. 



 

Genes need to be turned on and off. They need to know when to be expressed, what 
quantities are needed and in what tissues. For that reason you have a part at the 
beginning called the promoter, and it does that business for you. You also have a 
part at the end which switches the whole thing off. 

 

In a typical transgene these different parts will come from different organisms. They 
might come from a virus, or a bacteria. In the case of pharmaceuticals they might 
well come from a person. 

 

When you have a transgene you need to be able to make thousands or millions of 
copies of it, in order to manipulate it and so you also have a circular sequence called 
the plasmid which helps to amplify it. 

 

How to make a transgenic crop 

 

If you cut a circle from a leaf and put it on an agar plate (a jelly) with the correct 
hormones, and leave it for a few weeks, it will turn colourless and then start 
producing shoots. These are plants regenerated from single cells. If you cut them off 
and put them in soil, they will grow roots and form new plants. 

 

To make transgenic plants, before the shoots start appearing, you attach the 
transgene DNA and the plasmid sequence used to amplify it to some pellets, and 
shoot these at the agar plate. Some of the shoots that regenerate will be transgenic. 
They will have the transgene in them. 

 

Another way to do it is to put the transgene into a bacteria. At the stage at which you 
cut the leaf, just pour the bacteria with the circle of DNA on it, and some of the 
regenerated shoots will be transgenic. 

 

It should be obvious that this is not anything like conventional plant breeding. 

 



The major differences between conventional plant breeding and transgenic 
techniques 

 

1) One of the main difference is that the insertion of the transgene, so far as we 
know, is random in the plant genome. That has implications, because it can turn off a 
gene which it lands in, or it can alter the expression of a gene which it lands in. 
(Plant transformation is actually used experimentally as a mutagenesis procedure. 
Mutagenesis is the process of altering randomly the DNA in a genome, by whatever 
method.) 

 

2) Also, when you insert the transgene it is usual, not just common, but usual, for 
there to be some sort of genetic rearrangement at that site. A piece of DNA will be 
found to have gone missing, or a piece will be turned around. Often you don't get a 
single copy of the transgene, but will end up with three or four copies. Sometimes 
these copies can include other parts (for example of the amplification sequence) or 
genetic material from bacteria. Sometimes only parts of the sequence are inserted, 
or the whole is repeated lots of times. You can end up with a hundred copies of the 
transgene. 

 

3) Another difference with conventional plant breeding is that the transgene has a 
function. You put it in there for a good reason, but sometimes it has side effects. I 
can give an example from the farm scale evaluations, which included a maize crop 
which is resistant to the herbicide glufosinate. Glufosinate is a neuro toxin and a 
teratogen, which means it induces birth defects. It also moves around in the soil, and 
there would be problems if it entered river water systems, so it has a restricted use 
for that reason. 

 

Genetic engineers have taken an enzyme from a bacterium called an acetylaze 
which adds an acetyl group to the glufosinate. With this extra acetyl group added, it 
is no longer a herbicide. It is not harmful to the plant. But there is a problem, 
because you have created a new biochemical pathway in the plant which does not 
go anywhere. The acetyl-glufosinate accumulates in the transgenic plant. 

 

We don't know much about the toxicity of the new chemical, except that it is related 
to glufosinate. That's about all we know about it. But the company's own data shows 
that when rats are fed on acetyl-glufosinate, it is turned back into glufosinate, 
probably by the bacteria that live in the rats' gut. In other words, you regenerate the 
chemical that you wanted to avoid. In the case of rats between 1% and 10% was 
turned back into glufosinate. The question is, what would happen in the human gut? 
And the answer is, we don't know. 



 

4) Another difference to conventional plant breeding is the physical damage caused 
by shooting the pellets covered with DNA into the tissue. Incidentally, the original 
machine was adapted from a shotgun. The pellets are smaller, more like dust. You 
shoot them into cells at high speed in a vacuum and it causes physical damage to 
the chromosomes of the plant cell, the DNA. 

 

5) It is also known that putting plant cells through tissue culture introduces genetic 
changes which are heritable. Very little is known about these genetic changes, 
except that there seem to be a lot of them. 

 

6) Also when you transform a plant using the bacterium method, what seems to 
happen is that it inserts the transgene DNA and then it seems to change its mind. It 
decides not to insert it, but the repair to the hole it has made in the plant DNA is 
often inadequate. It appears that this process is another source of damage for the 
plant cell. 

 

7) Finally, it has come out in the last couple of years, that when you put DNA on your 
pellets, unless you are very careful to purify that DNA, you can end up shooting in a 
lot of other DNA. This DNA comes from the bacteria used to amplify the transgene. 
Bacterial DNA can therefore be inserted into the plant genome, probably at random. 
(I don't think anyone has really thought about the implications of this.) 

 

In the last few years, a few people have done genetic analysis on plants produced by 
genetic engineering. They have found that these processes between them, the 
physical damage, the tissue culture and presumably some of the other processes, 
introduce hundreds or thousands of changes into the genetic material of that plant. 
The plant genome is very big, but hundreds or thousands of changes is really quite a 
significant number, and this number is almost certainly an underestimate. One 
genetic analysis, comparing the genome of the parent genome with transgenic 
shoots, implied that the transgenic generation is halfway to being another species. 

 

If my analysis is correct and if these changes are important, we would expect that 
transgenic plants would not be very predictable organisms, and this seems to be the 
case. If you raise transgenic plants, as I have, you find a lot are rather unusual 
looking. It is difficult to generalise about this subject, but I will mention three 
published reports which show unexpected results. 

 



1) The first one is from some research which tried to make plants resistant to viruses 
by putting transgenes in them. They didn't get any resistance through the 
introduction of the transgene, but one of the plants that had been through the 
transformation procedure, but had failed to acquire the transgene, turned out to be 
more resistant to viruses than any of the ones that were supposed to be resistant. 

 

2) Arabidopsis is a weed used by many researchers in the course of their studies. 
Researchers making this plant herbicide resistant found that it also had different 
sexual characteristics. It outcrossed much more often that the parent varieties, yet 
there is no known connection between herbicide resistance and outcrossing 
characteristics. 

 

3) A commercialised variety of soya bean was supposed to be herbicide resistant, 
but also had an unexpected characteristic; in warm weather the stems split and 
fungus got into the plant. Again, there is no known connection between stem 
characteristics and herbicide resistance. 

 

Now the big question is, 'does it matter?' If you are going to eat a transgenic crop, do 
you need to know all this? My opinion is that the kinds of changes being introduced 
into the plant genome are likely to make the food from some transgenic crops not 
very palatable. Essentially, it is a random process. If you introduce random genetic 
changes into the genome, we don't really know what the consequences will be. The 
crops we eat are made of large numbers of chemicals, some of which are good for 
us and some are not; and the balance between the two determines whether it is a 
good crop to eat or a bad crop. The kind of changes we are talking about introducing 
are likely to alter that balance in ways that we don't understand well, because we 
don't understand plant biochemistry very well. 

 

It wouldn't necessarily matter, and there are lots of things that could be done about it, 
if we had regulators who were vigilant and on the ball. But that is the problem. The 
letter quoted below is a standard one sent out by the American Food and Drug 
Administration (FDA). It is the final letter to Monsanto telling them they can market a 
transgenic crop in the US; in this case genetically modified corn, specifically 
transformation events MON 810. Here are some extracts from the letter. 

 

"According to Monsanto the new corn variety has been modified for resistance to the 
European Corn Borer for expression of the Bt gene, which is an insect toxin. 

 



Monsanto submitted a summary assessment report of transformation event MON 
810 on 6 June. This communication informed FDA of the steps taken by Monsanto to 
ensure that the product complies with the legal and regulatory requirement that fall 
within the FDA jurisdiction. 

 

Based on the safety and nutritional assessment you have conducted it is our 
understanding that Monsanto has concluded that corn products derived from this 
new variety are not materially different in composition, safety and other relevant 
parameters from corn currently on the market and that genetically modified corn 
does not raise issues that would require premarket approved review or approval by 
FDA... 

 

Based on the information Monsanto has presented we have no further questions 
concerning corn grain or fodder containing transformation event 810 at this time. 

 

However as you are aware it is Monsanto's responsibility to ensure that foods 
marketed by them are safe, wholesome and in compliance with all applicable legal 
and regulatory requirements." 

 

In other words, Monsanto has done all the experiments on this corn and the FDA has 
had a look at the summaries and that has been their only role in this process. 

 

The approval of this crop for consumption by Americans is based on 'substantial 
equivalence'. Substantial equivalence is the idea that you can tell the difference 
between a crop that can be eaten safely and one that can't, by an analysis of its 
biochemical composition. Monsanto does this sort of analysis, although my example 
comes from the analysis by Asgrow Corp of a virus resistant squash. (Because I 
research transgenic crops that contain viruses, I get to look at the substantial 
equivalence data for these crops. To be fair this is the worst case I have seen. Some 
of them have no data, but this is the worst.) 

 

The following are the measurements they took comparing the transgenic crop to the 
non-transgenic one: 

the total protein content, the moisture, the total fat content, which interestingly 
was half as much, the ash content. 



Now it is an interesting question, isn't it, what can you tell about the toxicity of a plant 
from a pile of ash? And you can ask the same questions about all the other 
measurements they have taken here. Until they measure individual chemicals I don't 
think this is a scientifically valid experiment. They measured various sugars, which 
are all interesting in their own way, I suppose, and they measured vitamin C and 
beta carotene. 

Beta carotene was 60 fold less in the transgenic crop 

vitamin A, there was twice as much 

calcium was much the same 

iron was 10% less 

and sodium was 41/2 times as much. 

 

The question springs to mind, what is the reason for these differences in the first 
place? It is rather alarming. The second is, what kind of a regulator would allow a 
crop like this to be marketed, if this is the only information they have to go on about 
the nutritional quality of this crop? And the third question is what kind of company 
would submit this kind of data in the first place? I suggest you have to know 
something about your regulator in order to submit that kind of data. 

 

Is the British regulator any better? I suggest, not really. My evidence comes from the 
only transgenic crop that has been approved for use in this country by the regulators. 
It is the Charden LL maize crop. The only food safety data on the whole crop was a 
chicken study where they compared 140 chickens fed transgenic maize with 140 
chickens fed nontransgenic maize. Twice as many chickens died that were fed the 
transgenic maize. Five chickens died of those fed the conventional maize and 10 
chickens which were fed the transgenic maize. The difference between those two 
treatments could arise by chance. Everyone accepts that. The point of statistics is 
that you try to differentiate between the probability that this difference arose by 
chance with the probability that it did not. The standard scientific proof normally used 
is 95% probability that it did not arise by chance. In this case, if you do the sums, you 
get an 80% probability that the difference was caused by the transgenic nature of the 
crop, and a 20% probability that it occurred by chance. So how did the regulatory 
committee choose to interpret it? They approved the crop. 

 
 


