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Viewpoint

Breeders deserve respect
Breeders continuously induce the ex-
pression of rare mutations through 
inbreeding. They also reassort genes
and chromosomes brought together by
hybridizations among diverse, and eco-
logically and toxicologically distinct,
populations and species. Yet breeding’s
record is one of socially acceptable lev-
els of environmental and food safety.
Hancock states that “in spite of many
substantial advances in breeding for re-
sistance to pests, drought, cold, and
salinity, studies have not yet shown that
the native fitness of the wild species was
noticeably changed through hybridiza-
tion with the crop progenitor.” This is
probably why there have been no calls
to impose significant regulations on
plant breeding.

By selecting integrated phenotypes
and drawing on alleles from hundreds
of populations and often from many
species, breeders are tapping into varia-
tion in untold numbers of metabolic
and developmental pathways. In con-
trast, genetic engineers often try to
modify one or a few genes toward some
laboratory version of a sought-after
trait such as drought resistance. And
because the regulatory genes that tend
to be of most interest to genetic engi-
neers for modifying physiology are
deleterious unless regulated precisely,
the record to date is largely one of im-
paired, rather than improved, plant
performance (e.g., Chen and Murata
2002). This suggests that genetic engi-
neers will have to work extremely hard
if they are to move agronomic traits
further than breeders, now empowered
by candidate gene and marker-aided se-
lection, are able to do. This should both
humble genetic engineers and inspire a
relaxation of government regulations
when genetic engineering methods are
used to modify native or homologous
genes and pathways.

Natural selection also 
deserves respect 
Hancock states that “transgenes that
change the environmental tolerance of
a species or alter its patterns of growth
and development could result in dra-
matic adaptive shifts and have a major

impact on fitness. For example, juvenil-
ity in trees might be reduced by over-
expression of a regulatory gene such as
LEAFY,...allowing for earlier reproduc-
tion and possibly greater overall repro-
ductive success because of more fre-
quent flowering.” Sounds scary, but this
kind of thinking assumes there is some
dearth of diversity for these traits in the
wild. In fact, virtually all wild species
house large amounts of genetic diver-
sity in stress tolerance and developmen-
tal traits. With respect to flowering,
there are few aspects of development
more important to the fitness of a plant
than the decision to reproduce. This de-
cision is therefore subject to an extraor-
dinarily complex web of internal and
environmental regulatory networks
(Levy and Dean 1998). As tree breeders
know, there is plenty of genetic diversity
in time to flowering, should natural se-
lection see fit to change it. However,
they also know that dramatic changes
in time of flowering, such as those that
LEAFY might impose, would create a
tree unable to grow rapidly and thus
unable to compete successfully for light,
which means it would die after a short
time. It is hard to beat natural selection
unless you have a real functional nov-
elty to offer. And even then, to have a
large impact on a species and its associ-
ated organisms, the novelty must
spread widely—which means that it
must continue providing a selective 
advantage when it becomes common
(i.e., it is not likely to be rendered use-
less by evolutionary, behavioral, or 
climatic changes). This is unlikely to be
the case with any of the engineered pest
resistance genes in commercial use 
today.

Scale matters
Hancock argues that the details of gene
flow are largely irrelevant to risk con-
siderations, because genes will eventu-
ally get out. He states that “the factors
limiting gene flow between compatible
relatives can be largely ignored, as
transgenes will eventually escape into
the natural environment if there is a
compatible relative near the transgenic
crop,...unless the transgenic crop pro-
duces no viable gametes or has a system

incorporated that prevents embryo via-
bility.” However, it is logical to expect
that the scale of introduction is an im-
portant determinant of the probability
of spread, and this seems to be the case
for invasive exotic species. Species 
inserted into novel environments mul-
tiple times appear to have a higher
chance of successful establishment
(Sakai et al. 2001). We can also predict
with high confidence that the genetic
confinement systems Hancock refers to
will not provide absolute containment.
Are systems that provide 95 percent
confinement adequate? What about
99.999 percent? Most scientists would
agree that systems that highly restrict
gene flow would make the risks of most
transgenic crops far more biologically
acceptable; however, how much gene
flow is tolerable will depend on the
function of the dispersed genes, the
characteristics of the recipient environ-
ments, and the time span under consid-
eration. Very modest amounts of gene
flow restriction might be adequate for
modifications to native or closely 
homologous genes, or where domesti-
cation traits are produced. The rate of
gene flow does matter, but the difficulty
is in deciding how little is little enough.
Unfortunately, for some novel genes,
estimating “negligibility” is anything
but a little task.
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