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Por Nagib M. A. Nassar
| — Avaliagio de efeito sobre frangos de corte

A avaliagdo apresentada pela empresa produtora restringiu-se ao exame de peso
apds 44 dias de dieta padriio. Nio hd dados sobre o efeito dessa variedade de milho
sobre os orgdos internos dos frangos adultos ou em crescimento, como rins e
componentes do sangue. A literatura se refere & mudanga anatdmica e quimica
(referéncia 1).

Chowdhury et al. (2003) detectaram alteragdes em gastrointestinos de animais
alimentados por milho BT. Journal of Animal Science 81: 2546-2551.
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Detection of corn intrinsic and recombinant DNA fragments
and CrylAb protein in the gastrointestinal contents of pigs fed
genetically modified corn Bt11’
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ABSTRACT: Genetically modified corn has been ap-
proved as an animal feed in several countries, but infor-
mation about the fate of genetically modified DNA and
protein in vivo is insufficient. Genetically modified corn
Bt11 is developed by inserting a recombinant DNA se-
quence encoding insecticidal CrylAb protein from Ba-
cillus thuringiensizs subsp. kurstaki. We examined the
presence of corn intrinsic and recombinant cry 1Ab gene
by PCR, and the Cry1Ab protein by immunological tests
in the gastrointestinal contents of five genetically modi-
fied corn Btll-fed and five nongenetically modified
corn-fed pigs. Fragments of corn zein (242 bp), invertase
(226 bp) and of ribulose-1,5-bisphosphate carboxylase/
oxygenase genes (1,028 bp) were detected in the gastro-
intestinal contents of both Btll and nongenetically

modified corn-fed pigs. Fragments of recombinant
crylAb gene (110 bp and 437 bp) were detected in the
gastrointestinal contents of the Btll-fed pigs but not
in the control pigs. Neither corn intrinsic nor crylAb
gene fragments were detected in the peripheral blood
by PCR. The gastrointestinal contents were positive for
CrylAb protein by ELISA, immunochromatography,
and immunoblot; however, these methods did not work
for blood and precluded conclusions about any potential
absorption of the protein. These resulis suggest that
ingested corn DNA and CrylAb protein were not totally
degraded in the gastrointestinal tract, as shown hy
their presence in a form detectable by PCR or immuno-
logical tests.
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Introduction

Genetically modified (GM) corn has been approved
as an animal feed in several countries; however, there
is growing anxiety in European countries and in Japan
about the safetv assesament of foreirn genes and pro-
teins expressed in plants by recombinant DNA (rDNA)
technology (Hino, 2002). For the evaluation of GM feed
safety, compositional and nutritional properties and an-
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imal performance of GM crops as feed have been exam-
ined (FAO/WHO report. 2000). Further information on
the fate of rDNA after ingestion is additional concern.
Geneticallv modified Bt11 corn (Bt11) is developed by
inserting rDNA sequence encoding insecticidal Cry1Ab
protein from Bacillus thuringiensis subsp. kurstak:.
Polymerase chain reaction for rDNA has been used to
differentiate GM and non-GM corn (Matsucoka et al..
2000}, but information on the fate of the rDNA and its
products (Cry1Ab protein) in the gastrointestinal (GI)
tract after ingestion of GM feed is limited. The ohjective
of the present study was to determine if the erviAb
gene and CrylAb protein, as well as corn-intrinsic
genes, could be detected in GI tract contents and periph-
eral blood of pigs fed Bt11 and non-Bt isoline corn.

Materials and Methods

Diet and Animals

Diet. Genetically modified Bt1l (N58-D1 Lot No.
2608611, Novartis Seed, Inc., Greensboro, NC) and non-
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IT - Avaliagdio da referida variedade de milho sobre organismos do solo

A avaliagdo feita pela empresa em solo do estado americano de Illinois, usando
proteinaVip3Hal9. Essa avaliagio falha em seu meérito cientifico para considerar os
aspectos de bioseguranga desse milho pelas seguintes razbes:

a) a avaliacdo ndo foi realizada em solo e em condigdes brasileiros, conforme manda a
constitui¢fo brasileira.

b) foi usada uma proteina pronta na evolugiio e ndo tratou com solo apés o plantio das
proprias plantas transgénicas, por um periodo completo de estagio de crescimento.
Isto faz uma grande diferenca em produtos de raizes e seus efeitos no solo.

¢) A duragdo do experimento realizado pela empresa produtora foi de 29 dias, que ndo
sdo suficientes para ter condigdes realisticas do solo apés uma estacio de
crescimento, que dura no milho até 5 meses de crescimento e amadurecimento.

Recomendo para ter avaliagio do mérito cientifico o seguinte:

a) que se faga a avaliagio de bioseguranga da referida variedade em solo e sob
condigtes ambientais brasileiros

b) que se faga a avaliagio uma estagio completa de crescimento de plantas que dure
pelo menos 5 meses

¢) a avaliagio tem que tratar com produto das plantas no solo e nfo com proteina
externa
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brief communications

I Itansgcmt: pl.'tnts

Insecticidal toxin in root
exudates from Bfcorn

Bt corn is corn (Zea mays) that has been

genetically modified to express insecticidal
| toxins derived from the bacterium Bacillus
| thuringiensis to kill lepidopteran pests feed-
| ing on these plants. Here we show that Br

toxin is released into the rhizosphere soil in
| root exudates from Bt corn.
|  The insecticidal toxin produced by B.
thuringiensis subsp. kurstaki remains active
in the soil, where it binds rapidly and tightly
to clays' and humic acids’. The bound toxin
retains its insecticidal properties’ and is
protected against microbial degradation by
being bound to sail particles®, persisting in
| various soils for at least 234 days (the
longest time studied), as determined by lar-
vicidal bioassay’. Unlike the bacterium,
which produces the toxin in a precursor
form, Bt corn contains an inserted truncated
crylAb gene that encodes the active toxin.

In laboratory studies, caterpillars of the
monarch butterfly { Danaus plexippus) were
killed as a result of feeding on milkweed
{Asclepias curassavica) that had been aruifi-
cially contaminated with pollen from trans-
genic corn that expressed the crylAb gene
from B. thuringiensis subsp. kurstaki®, and
green lacewings (Chrysoperla  carnea),
which are insect predators of insect pests,
were killed by ingesting European corn bor-
ers (Ostrinia nubilalis) reared on Brcorn’,

We germinated surface-sterilized seeds’
of Bt corn (NK4640Bt) and of the isogenic
strain without the crylAb gene on agar. The
seedlings were aseptically placed on plastic
screening (6-mm mesh), which, to mini-
| mize contamination by products of
endosperm hydrolysis, was suspended over
200 ml of Hoagland’s solution in 4-litre
beakers covered with aluminium foil, which
was removed after 18 to 20 days when the
tops of the plants had reached it. After 7, 15
and 25 days of growth in a plant-growth
room (26* 2 °C, 12 h light—dark cycle), the
| soil-free medium was replaced with fresh
solution and analysed.

Total protein in the medium (average of
105 pug protein per plant) was determined
| by the Lowry procedure’. A major band
migrating on SD5-PAGE (sodium dodecyl
sulphate—polyacrylamide gel electrophore-
sis) to a position corresponding to a rela-
tive molecular mass of 66,000 (66K), the
same as that of the CrrlAh protein. wms
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detection limit < 10 parts per billion) and
verified that it was active in an insecticidal
bioassay using larvae of the tobacco horn-
worm (Manduca sexta), a model for testing
antilepidopteran activity™.

Larvae placed on medium containing
exudates from Bt corn stopped feeding and
began to die after 2 to 3 days and had a
mortality of 90 to 95% after 5 days (dose
lethal to 50% of larvae, LCy, was 5.2 pg
protein). There was no immunological
reaction or larval mortality obtained with
the exudates from non-Br corn. After 25
days of growth, when the medium was no
longer sterile (as demonstrated by streaking
it on various microbiological media), the
66K band had disappeared, although there
were several new protein bands of smaller
relative molecular mass, and the immuno-
logical and larvicidal assays were negative,
indicating that microbial, and probably also
corn, proteases had hydro-lysed the toxin,

Samples of soil from the rhizosphere
of seedlings that had been transplanted
into either sterile or non-sterile soil in test-
tubes were taken from randomly selected
tubes, vortexed with extraction buffer
{EnviroLogix) and centrifuged. We ana-
lysed the supernatants using the immuno-
logical and larvicidal assays and found that
these were positive, even afier 25 days of
growth, for samples from Bt corn (100%
mortality; LC;,=1.6 pg protein per soil
tube} but were negative for non-Br corn.
Moreover, particles of rhizosphere soil in
suspension placed directly on the bicassay
medium caused mortality comparable to
the supernatants,

Although the concentration of protein
in the rhizosphere soil was approximately
95 pg per g soil, the concentration of the
actual toxin in the extraction buffer was
apparently too low to be detected by
SDS-PAGE. These results agree with earlier
findings showing that the toxin binds rapidly
to surface-active soil particles and that the
bound toxin retains its larvicidal activity
and is protected by this binding against
bindegradation',

About 15 million acres of Bt corn were
planted in the United States in 1998, which
was just under 20% of the total acreage
of corn'. The Br toxin that is released into
soil from roots during the growth of a Bt
corn crop would add to the amount of
toxin introduced into soil from pollen
during tasselling and as a result of the
incorporation of plant residues after har-
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risk that non-target insects and organisms |
in higher trophic levels could be affected by |
the toxin, Further investigations will be nec-
essary to shed light on what might happen
underground.
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Palaeoblology [

Herbivorous diet in an :
ornithomimid dinosaur |
|
|
|

In 1997, twelve well-articulated skeletons of |
an ornithomimid dinosaur' from the Upper
Cretaceous Ulansuhai Formation® in China
were discovered. Each skeleton contained a
preserved gastrolith mass inside the ribcage
that was attached on the medial surface of |
the articulated dorsal ribs and gastralia. The
occurrence and characteristics of gastrolith
masses in this ornithomimid indicate that
these non-avian toothless theropods may
have had gizzards and been herbivores, like
modern herbivorous birds that use grit to
grind up plant matter.

The gastroliths found in these dinosaurs
(Fig. 1) are mainly composed of grains of
silicate, with no bony elements {energy dis-
persive X-ray analysis detected hardly any
phosphorus pentoxide in the matrix) or
insect remains. The gastroliths are found in
the same region of each individual, generally

Area b tha middls dnseal savtaheas e oF
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Il — Experimentos necessarios para a bioseguranga de qualquer variedade de milho
transgenico tipo Bt

1- faltou um experimento para elucidar a presenca ou ndo de fragmentos de recombinante
DNA em grastrointestinal em animais por eles alimentados (veja em anexo o doc. n° 3)
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Detection of corn intrinsic and recombinant DNA fragments
and CrylAb protein in the gastrointestinal contents of pigs fed
genetically modified corn Bt11'
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ABSTRACT: Genetically modified corn has been ap-
proved as an animal feed in several countries, but infor-
mation about the fate of genetically modified DNA and
protein in vivo is insufficient. Genetically modified corn
Bt11 is developed by inserting a recombinant DNA se-
quence encoding insecticidal CrylAb protein from Ba-
cillus thuringiensiz subsp. kurstaki. We examined the
presence of corn intrinsic and recombinant eryIAb gene
by PCR, and the Cry1Ab protein by immunological tests
in the gastrointestinal contents of five genetically modi-
fied corn Btll-fed and five nongenetically modified
corn-fed pigs. Fragments of corn zein (242 bp), invertase
7226 bp) and of ribulose-1,5-bisphosphate carboxylase/
oxygenase genes (1,028 bp) were detected in the gastro-
intestinal contents of both Btll and nongenetically

modified corn-fed pigs. Fragments of recombinant
crylAb gene (110 bp and 437 bp) were detected in the
gastrointestinal contents of the Bt1l-fed pigs but not
in the control pigs. Neither corn intrinsic nor crylAb
gene fragments were detected in the peripheral blood
by PCR. The gastrointestinal contents were positive for
CrylAb protein by ELISA  immunochromatography,
and immunoblot; however, these methods did not work
for blood and precluded conclusions about any potential
absorption of the protein. These results suggest that
ingested corn DNA and Cry1Ab protein were not totally
degraded in the gastrointestinal tract, as shown by
their presence in a form detectable by PCR or immuno-
logical tests.
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Introduction

Genetically modified (GM) corn has been approved
as an animal feed in several countries: however, there
is growing anxiety in European countries and in Japan
zhout the safety assessment of foreion genes and pro-
teins expressed in plants by recombinant DNA (rDNA)
technologv (Hino. 2002). For the evaluation of GM feed
safety, compositional and nutritional properties and an-
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imal performance of GM crops as feed have been exam-
ined (FAO/WHO report. 2000). Further information on
the fate of rDNA after ingestion is additional concern.
Geneticallv modified Bt11 corn (Bt11) is developed by
inserting rDNA sequence encoding insecticidal CrylAb
protein from Baeillus thuringiensis subsp. kurstaki.
Polymerase chain reaction for rDNA has been used to
differentiate GM and non-GM corn (Matsuoka et al..
2000), but information on the fate of the rDNA and its
products (CrylAb protein) in the gastrointestinal (GI)
tract after ingestion of GM feed is limited. The objective
of the present study was to determine if the eryIAb
gene and CrylAb protein, as well as corn-intrinsic
genes, could be detected in GI tract contents and periph-
eral blood of pigs fed Bt11 and non-Bt isoline corn.

Materials and Methods

Diet and Animals

Diet. Genetically modified Btll (N58-D1 Lot No.
2608611, Novartis Seed, Inc., Greenshoro, NC) and non-
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11T 2- faltou experimento que avalia o efeito do pélen da variedade em avaliacdo, para
bioseguranga, sobre larvas de diferentes insetos da fauna brasileira (veja o trabalho em
anexo)

Vera Jesey ek ol Na¥we 1q44
ea é i st
Mes Voy ewn ,ﬂww"h ele dp{-llmﬁa -ﬂd-umau .

Puosm  sues Schvevnvena  culdo g
e« 5S6& / de nm‘tin.n—L a,I}‘m Ly d{.ﬂ--ﬂ &

A alvmentor  om i):'l.".u B



- Transgenic pollen

harms monarch larvae

Although plants transformed with genetic
material from the bacterium Bacillus
thuringiensis (Br) are generally thought to
have negligible impact on non-target
organisms', Bt corn plants might represent
a risk because most hybrids express the Bi
toxin in pollen’, and corn pollen is dis-
persed over at least 60 metres by wind’,
Corn pollen is deposited on other plants
near corn fields and can be ingested by the
non-target organisms that consume these
plants, In a laboratory assay we found that
larvae of the monarch butterfly, Danaus
plexippus, reared on milkweed leaves dusted
with pollen from Bt corn, ate less, grew
maore slowly and suffered higher mortality
than larvae reared on leaves dusted with
untransformed corn pollen or on leaves
without pollen.

Pollen for our assay was collected from
N4640-Br corn and an unrelated, untrans-
formed hybrid, and was applied by gently
tapping a spatula of pollen over milkweed
{Asclepuas curassavica) leaves that had been
lightly misted with water. Pollen density
was set to visually match densities on milk-
weed leaves collected from corn fields. Peti-
oles of individual leaves were placed in
water-filled tubes that were taped into plas-
tic boxes. Five three-day-old monarch lar-
vae from our captive colony were placed on
each leaf, and each treatment was replicated
five times. Milkweed leaf consumption,
monarch larval survival and final larval
weight were recorded over four days.

Larval survival (56%) after four days of
feeding on leaves dusted with Bi pollen was
significantly lower than survival either on
leaves dusted with untransformed pollen or
on control leaves with no pollen {both
100%, P=0.008) (Fig. 1a). Because there
was no mortality on leaves dusted with
untransformed pollen, all of the mortality
on leaves dusted with Bt pollen seems to be
due to the effects of the Bt toxin,

There was a significant effect of corn
pollen on monarch feeding behaviour
(P=0.0001) {Fig. 1b). The mean cumula-
tive proportion of leaves consumed per
larva was significantly lower on leaves dusted
with Bt pollen (0.57 £0.14, P=0.001) and
on leaves dusted with untransformed pollen
(1122009, P=0.007) compared with
consumption on control leaves without
pollen (1.61 £0.09). The reduced rates of
larval feeding on pollen-dusted leaves
might represent a gustatory response of this
highly specific herbivore to the presence of
a ‘non-host’ stimulus. However, such a
putative feeding deterrence alone could
not explain the nearly twofold decrease in
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Figure 1 Survival and leaf consumption of second-
o thincHnsta monarch larae on each of three mik-
wead leaf treatments: leaves with no polien (light
biua), leaves treased with untransformed com pollen
(green) and leaves dusted with pollen from Bt com
[dark blue). &, Mean [ £s2m.} surival basad on the
proportion of lanae sundving in fve replicates of
each reatment. by Mean |+ 5.8m) cumulative leaf
consumption based on the tatal amount of leat asa
consumed per lansa in five replicates of each treat-
ment. The amount of keaf area consumed per lana
in each experimantal unit was calculated for each
ime internvad by dividing the amount of leaf area
consumed in that interval by the number of larae
alve during the time intenval. Cumulative consumo-
tion was caiculated by summing the keaf area con-
sumead per lanva at each inlerval. Colours of lines
comespond 1o thasa of the bars ina

consumption rate on leaves with Br pollen
compared with leaves with untransformed
pollen (P=0.004).

The low consumption rates of larvae fed
on leaves with Bt pollen led to slower
growth rates: the average weight of larvae
that survived to the end of the experiment
on Be-pollen leaves (0.16 £0.03 g} was less
than half the average final weight of larvae
that fed on leaves with no pollen
(0,38 £ 0.02 g, P=0.0001).

These results have potentially profound
implications for the conservation of
monarch butterflies. Monarch larvae feed
exclusively on milkweed leaves*; the com-
mon milkweed, A. syriaca, is the primary
host plant of monarch butterflies in the
northern United States and southern Cana-
da®. Milkweed frequently occurs in and
around the edges of corn fields, where it is
fed on by monarch larvae®. Corn fields

#2 © 1999 Macmillan Magazines Ltd

shed pollen for 810 days between late
June and mid-August, which is during the

time when monarch larvae are feeding’. |

Although the northern range of monarchs
is vast, 50% of the summer monarch pop-
olation is concentrated within the mid-
western United States, a region referred to
as the ‘corn belt’ because of the intensity of
field corn production®. The large land area
covered by corn in this region suggests that
a substantial portion of available milk-
weeds may be within range of corn pollen
deposition.

With the amount of Bt corn planted in
the United States projected to increase
markedly over the next few years’, it is
imperative that we gather the data neces-
sary to evaluate the risks associated with
this new agrotechnology and to compare
these risks with those posed by pesticides
and other pest-control tactics.
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The mystery o

female beauty

Yu and Shepard’ have reported a preference
for heavy women with high waist-to-hip
ratios (WHR]) in a culturally isolated popu-
lation in southeast Peru. Their findings are
interesting because a preference for low
WHR is widespread in westernized popula-
tions"®, However, we disagree with their
argument that cultural invariance is neces-
sary for an adaptionist interpretation of
WHR preference.

WHR and waist circumference are posi-
tively correlated with testosterone and neg-
atively associated with oestrogen”, Women
with low WHR have better health and fertil-
ity than women with high WHR’, However,
women in England and Texas with high

MATURE | VOL 399 | 20 MAY 1999 | www.nature.com




IIT — 3 — dentro da avaliagio de bioseguranga de milho tranagenico faltou trabalho que
avalia o produto dessa variedade sobre a d4gua em diferentes ecosistemas (veja o trabalho
em anexo- doc. n°. 4)
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Toxins in transgenic crop byproducts may affect
headwater stream ecosystems

2
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ical Sciences, University of Notre Dame, Notre Damae, I[N 46556;
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Corn (fea mays L) that has been genetically engineered to produce
the Cry1Ab protein (Bt com) is resistant to lepidopteran pests. Bt corn
is widely planted in the midwestern United States, often adjacent to
headwater streams. We show that corn byproducts, such as pollen
and detritus, enter headwater streams and are subject to storage,
consumption, and transport to downstream water bodies. Laboratory
feeding trials showed that consumption of Bt com byproducts re-
duced growth and increased mortality of nontarget stream insects.
Stream insects are important prey for aguatic and riparian predators,
and widespread planting of Bt crops has unexpected ecosystem-scale
Consequences.

caddisflies | genetically modified crops

eadwater streams are intimately connected with the adjacent

terrestrial environment (1, 2). Thus, the proximity of crop
fields and stream channels in the agricultural midwestern LS.
suggests that crop byproducts can enter streams. Much of the
Midwest is planted in, or influenced by, row crop agriculture. In
2006, 33.1 million hectares of corn were planted in the U.S., and
35% of this was transgenic corn (www.nass.usda.govindex.asp)
modified to express the G-endotoxin CrylAb, derived from Bacillus
thuringiensis {hereafter “Bt corn”™). Crop byproducts from Bt corn
contain this toxin (3, 4), bul until now the effects of Bt corn
byproducts on stream organisms have not been examined, This is in
sharp contrast to numerous studies examining potential effects on
nontarget organisms in the terrestrial environment (4-8).

Crop byproducts are a component of the benthic detritus pool in
agricultural streams (9), but quantitative information on the input,
transport, and fate of these materials in the aquatic environment is
lacking. During pollen shed, wind can transport corn pollen from
40 to 60 m away from source fields ( 10), and rain can dislodge and
transport pollen away from crops (6). After harvest, crop byprod-
ucts remain on fields and may be transported to adjacent streams
via wind and water. Once in stream channels, possible fates of crop
byproducts include microbial decomposition, consumption by
aquatic invertebrates, burial via sedimentation, or downstream
transport (Fig. 14).

We quantified inputs of corn byproducts to headwater agricul-
tural streams, measured transport distances of these materials
within streams, and examined the effects of these materials on
stream-dwelling aguatic insects. We focused on headwalter streams
because of their dominance in the agricultural landscape, their tight
linkage to the terrestrial environment, and their proximity to
comfields in the Midwest. Headwaters are also a logical starting
point for assessing potential impacts of crop byproducts on aquatic
environments because they serve as an initial conduit for transpornt
to downstream water bodies. We measured inputs of corn byprod-
ucts to 12 typical headwater streams (Fig. 1 B and C) in an intensely
agricultural region of northern Indiana in 2005 and 2006. The
landscape in this part of Indiana is 90% row crop agriculture, and
we believe that the inputs we measured are representative of the
large number of streams in the agricultural Midwest. We then
quantified downstream transport distances of these materials dur-
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ing baseflow conditions. Lastly, we used laboratory feeding studies
to examine the effects of Bt corn byproducts on selected aquatic
insect taxa commonly found in headwater streams.

Results

Beginning with autumn harvest and extending through the next
growing season, we used stream-side litter traps to quantify litter
inputs and found that the input of unharvested crop byproducts
ranged from 0.1 to 7.9 g of ash-free dry mass (AFDM) m—? of
stream channel (Fig. 24). We also found storage of crop byproducts
within stream channels; benthic sediments within streams con-
tained up to 6.4 g of AFDM m~? of particulate corn byproducts.
Pollen shed oceurred during July and lasted =5-10 days at each site.
Using pollen sticky traps placed in stream channels near the water
surface, we found that corn pollen was aerially deposited into all
streams, and annual inputs ranged from 0.1 to 1.0 g m—* (Fig. 28).
Inputs of com byproducts were highly variable among the 12 study
streams for both litter and pollen, suggesting that potential impacts
of these novel carbon sources could vary depending on the mag-
nitude of the inputs to a given stream.

Using short-term releases of labeled material, we found that
mean travel distance for leaves and cobs ranged from .38 to 150 m
and that pollen traveled from 20 to 60 m (Fig. 2C). Despite the large
range in size of byproducts, transport distances for all com byprod-
ucts were strongly influenced by stream discharge (/= = 0.69, P <
0.0001; Fig. 2C). At site 2F, pollen was estimated to travel =2.000
m because of high water velocities, which contrasted with sites 1B
and 1C, where pollen did not move because water velocity was near
zero. Mechanisms for crop byproduct retention include deposition
onto the streambed and adherence to benthic algal biofilms and
mactoalgae. Results from our estimates of transport distances for
the various corn byproducts indicate that transgenic material en-
tering streams is retained during base flow and thus is available for
microbial processing, consumption by aquatic insects, or export
during storms.

Decomposition of plant litter by microbes and physical abrasion
generates food for local aquatic consumers and also facilitates the
transfer of energy and nutrients from upstream to downstream
reaches within a river network (11). We measured breakdown rates
of Bt and non-Bt corn litter to determine whether the Bt 5-cndo-
toxin influences rates of organic matter processing in our study
streams. We found no difference in decomposition rates between
Bt (k = 0.020d~"! = 0.002 SEM) and non-Bt (k = 0015 d~" = 0.003
SEM) corn litter (P = 0.95; analysis of covariance), suggesting that
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High Susceptibility of Bt Maize to Aphids Enhances the 7
Performance of Parasitoids of Lepidopteran Pests

Cristina A. Faria’, Felix L. Wackers®, Jeremy Pritchard”, David A. Barrett*, Ted C. J. Turlings'*
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Concerns about possible undesired environmental effects of transgenic crops have prompted numerous evaluations of such
croms. So-calted Bt crops receive particular attention becausa they carry bacteria-derived genes coding for insecticidal proteins
that might negatively affect non-target arthropods. Here we show a remarkable positive effect of Bt maize on the performance
of the corn leaf aphid Rhopalosiohum maidis. which in turn enhanced the performance of parasitic wasos that feed on aphid
honeydew. Within five out of six pairs that were evaluated, transgenic maize lines were significantly more susceptible to
aphids than their near-isogenic equivalents, with the remaining pair being equally susceptible. The anhids feed from the
phloem sieve element content and analyses of this sap in selected malze lines revealed marginally, but significantly higher
amino acid levels in Brmaize, which mioht partially expliain the observed increased aphid performance. Larger colony densities
of aphids on Bt plants resulted in an increased production of honeydew that can be used as food by beneficial insects. Indeed,
Coresfa marginiventris, a parasitoid of lepidopteran pests, lived longer and parasitized more pest caterpillars in the presence of
aphid-infested Bt maize than in the presence of aphid-infested isogenic maize. Hence, depending on aphid pest thresholds,
the observed increased susceptibility of Bt maize to aphids mav be either a welcome or an undesirable side effect.
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INTRODUCTION

With the rapid expansion of the commercial use of genetically
modified (GM) plants, there is an increasing demand for
information on their possible impact on non-target organisms.
Of particular interests are parasitoids and predators that have an
important function in pest regulation. To date several studics on
the direct and indirect impact of GM plants on these beneficial
insects have been conducted (reviewed by [1-3]), wherehy most
emphasis has been on so-called Bt plants, which are crops into
which a gene has been incorporated from the entomopathogenic
bacterium Bacillus thuringiensis. The introduced genes encode for
the production of specific insecticidal proteins, An impact on
entomophagous insects resulting from this transformation could be
due to direct effects of the toxin, indirect effects via reduction in
host or prey quantity and quality, or through unintended changes
in plant characteristics caused by the insertion of the transgene.
The first two potential effects have been widely investigated [1-3],
but very few studies have specifically looked at the impact of other
plant characteristics that may have unintentionally been alicred as
a result of ransformation.

The primary targets of the Bt toxin are insects belonging o the
Lepidoptera, Diptera and Coleoptera [4,5]. This, and the fact that
the toxin is not transported in the phloem [6—#] makes that aphids
are very unlikely to be direcdy affected by the toxin, Recent
reports suggest that aphids actually perform better on Bi maize
lines than on their near isogenic counterparts [B-11], but the
generality and cause of the differences remain, as yet, unknown.
We oo [bund indications that the corn leal aphid, Rbopelsihum
maidis (Fitch) (Hemiptera: Aphididac), does better on Bt maize
(unpubl). These findings prompted the current study that aims o
assess possible effects of the incorporation of the Bt gene into
maize on the comn leal aphid B madis, and 1o rest if such effects
reflect on the performance of Colesie manginmentris (Cresson)
(Hymenoptera: Braconidae), a generalist larval parasitoid of
several important lepidopteran pests that can use aphid honeydew
as a food source (Video 51) [12]. By including six distinct Bt lines
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i the studv we could rule out that the consistent differences o
aphid susceptibility between the wransformed and near isogenic
lines resulted from accidental changes due to differences in
breeding history afier ransformarion.

The six Bt lines, which covered three different transformation
cvents, were indeed found to be significantly more susceptible 1o £
maidis. Subsequent analyses of phloem samples of transgenic and
near-isogenic pairs were performed o determine il amino acid
compasition might explain the observed higher aphid performance
on Bt maize,

As a consequence of the higher aphid numbers there were larger
quantitics of honeydew on Bt maize plants. Honeydew is ofien
cxploited as food by animals like honeybees, wasps, insect
predators and even vertebrates [13-13]. It can also be a key
alternative food source for parasitoids in the absence of plant-
provided nectar [16-18], which is often the casc in agricultural
monocultures. We tested if the parasitic wasp C. margimentris might
benefit from enhanced performance of aphids on Bt maize by
measuring their longevity and parasitism rates in cages with aphid-
infested transgenic maize and in cages with aphid-infested non-
transformed isolines. Sugar composition and the intake by the
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