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Abstract

A variety of environmental stress factors increase susceptibility of corn plants
to infection with various fungi that produce mycotoxins. These stress factors
include insect damage, heat and droughr stress, nitrogen deficiency and genetic
suscepribility, For example, insect feeding injures corn kernels, creating ports of
entry for fungi that produce ear rot and mycoroxins, Biotechnology is helping
to provide season-long protection of corn plants (Bt corn) against corn borer
damage through the introduction of insect conerol proteins derived from

Bacillus thuringiensis. Reduction of insect feeding damage in Br corn has led to

lower contamination with fumonisin mycotoxins in most locations it has been
ceseed around the world, Biotechnology is also being used to develop healchier
corn plants by making them less susceptible to droughe stress, increasing nitrogen
ucilisation, and prorecting plants against a wider variety of insect pests that feed
on the ears, stalks and roos. In the future, combining these traits will further
improve vield and should reduee corn plane susceptibilicy to environmental
stress factors chat contribute to mycotoxin contamination in the field.
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1. Introduction

Corn (Zea mays 1) can be infeceed with fungi that produce raxic secondary,
metabalives ealled MyCorexing. Fusarivem veviiceiliotdes l':Sac:c.} Hirtnberg ;
(synonym = F menéliforme ]. Sheld.) and £ prodifvatam (T. Marsushima)
Nirenberg, which produce [umonisin mycotoxins, are the most common fungi
that infect corn wherever it is grown. Various environmental facrors such asingect |
damage, heat and drought stress, nitrogen deficiency and generic susceptibility 5,
predispose corn plants e infection with fungi (Miller, 2001; Munkvold, 2003),
Dietary exposure to fumonisins can cause a variety of adverse health effects in
farm and laboratory animals (CAST, 2003). Epidemiological studies suggest a
link between high dietary intake of fumonisins and elevated races of liver and/or
aesophageal cancer in certain regions of Africa, China, Italy and Brazil (CAST,
2003; van der Westhuizen et af,, 2003). As a consequence, regularory agencies §
have recommended limits for fumonisin contamination of corn intended for -
animal feed and human food use (CAST, 2003).

Conrrol of insect pest damage to corn can reduce fungal infection since insect.
feeding provides pores of entry for fungi. Some inscce peses also serve as vectors |
for fungal infection (Sobel and Munkvold, 1999). An effecrive insect pest
control strategy has been developed with the introducrion of coding sequence

for the CrylAD protein derived from B. #huringiensis into corn plants {even
MON 810, YieldGard Coenberer®, trademark of Monsanto Technology LLC) Lo
{Betz er af, 2000). The CrylAb procein controls lepidopreran insect pcsts"’iﬁ
such as the European corn borer (ECB), Ostrinia nubilalis Hibner, the most's
important stalk-boring and ear damaging insccr pest of corn in the US. Corn
Belt (Pilcher es af, 1997). The CaMV 355 gene promoter enables constirucive
expression of the Cry LAb protein throughour the growing season, thus peoviding o
scason-long protection againse corn borers. The B. thuringiensis-based (Bt)
mictobial pesticides that contain Cry proteins such as Cryl Ab have been used
commercially in agricalouce for aver 40 years to control larval insecr peses {Berz
et al. 2000; IPCS, 1999). They have an exemplary safety record because their
insecticidal mode of action is highly specific againse target lepidopeeran insect
pests, The Cry 1Ab protein has ne activity against non-rarger organisms such as’
mammals and birds (Betz e af, 2000; IPCS, 1999, LI
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Munkvald and co-workers were the firse to report thar carn hvbrids rotected
)

with the CrylAb procein had significanty lower fumonisin MycoLexin levels

Munkvold et al, 1999, This was most evident in corn plants that
expressed Cry | Ab protein constiturively during the growing seasot. Addicional
feld trials have becn conducted in countries (lvar prrmicted feld cesting of
YieldGard Carnborer hybrids to assess cheir impace on fumonisin levels under
local conditions. Tesules are pmscnt-::d feom field wials in Traly, France, Turkey
and Argentina that compared the levels of fpmonising i vieldGard Cornborer

varietics with cheit near-iEogenic controls.

in corn |

9 Materials and methods

2.1. Turkey
Adana

Field crials with YieldGard Cornborer wirleries Wers carried out in

Fasc Medicerranean Culoarova region where cori 18 pl:l.ntc;d as

province, in the
. second crop after wheat. Damage from corm horing insects pests Is most severe
.1 the second corn crop. The hybrids used for the study were DK626 Bt, its near-
isogenic control (DK626) and a canventional hybrid cradirionally grown in the
region, The crials were carried out under conditions of narural insect infestation.
“Teials in 2000 and 2001 were set up using a randomised split plot design with
four replicates. Fach of the fout blocks was divided into twe cub-blocks. Four sub-
blocks received three applications of the insecticide lamba-cyhalotrine at two o
chree week intervals, starting the third weel of July. The other sub-blocks were not

de. Test plots consisted of cight corm rows 20 m in length. At

rreated with insectici
lharvest, MyCOLoxin concenurations Were compared across crearments. ELISA rest
, Lansing, MI, USA)

kits {qm1n:i.mti1.rc kit for fumonisin, Veratox, IMeogen Corp.
were nsed to derermine fumonisin levels in accordance witch chie kit instructions.

2.2. Tealy

In 1999, ficld trials were carried out in norehern Traly at 30 different locations
with four YieldGard Cornborer varicties, of varying genotype and their
respective near-isOgenic controls. The trials rere carried out under conditions
of natural insece infestation, as chere is significant ECE infestarion in these
regians. ﬁppmx_inmt{:iy 93 samples of corn wete randomly collected from one
to 10 weeks post-harvest From che various locations and sent to the Schoal of
Agriculrure, U.0S.C. Piacenza, [raly, for analysis wsing published procedures

(Shephard al, 1994},
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2.3. France

During 1997 o 1999, the levels of fumonisin mycoroxing were measured in
YieldGard Cornborer varieties and their near-isogenic controls at 25 field rrial
locations in France. The majority of sites were in the Southwest of France where
ECB is noemally present, The wials were carried our under condicions of natural
inseer infestarion. In non-replicaced field crials, the plot size was a minimum of
20 merers x § rows, In replicared field trials, there were four randomised blocks
in two plots (Be and non-Be), in plots 12 meters by six rows, For non-replicared
erials, corn was collecred from 20 consecutive plants in two adjacent rows at four
locations in the plot. For replicated trials, corn was collecred from 20 consecutive
planes in vwo adjacent rows for each replicate. Corn harvested in 1999 rrials
was analysed for fumonisins ar INRA, Nances, France aceording to published
merhods (Bakan ez 2f, 2002), Corn samples harvested in 1998 were analysed
for fumonisins at IEEB { European [nstitute of Enviconment at Bordeaux] using
established methods {Shephard er af, 1990). For corn harvested in 1997, samples
were analysed ar AGPM (French Corn Growers Association) wsing ELISA
methods {Diffchamb France, Transia® plare Fumonising].

2.4, Argentina

A YieldGard Cornborer hybrid (DK696) and its near-isogenic control (K696) ‘
were grown in 57 diflerenc locations in Buenos Aires province in Argentina
during 2000, This province is an important corn growing region for Argentina
and corn pests such as Diatraca saccharalis (corn borer) and Helicoverpa zea (car
worm) are frequently found in chis region. The field trials were carried out under
conditions of natural insect infestation. Corn samples were collecred from eac

of the sices ac harvest and submitred for fumonisin analysis at the Laboratory |
'lechnology of Urnguay (LATU) in Montevideo using published merhods g
(Visconti ef af, 2001},

3. Results

As shown in Table 1 and Figures 1-3, many of the field locations had lower|
furnonisin levelsin YieldGard Cornborer hybrids compared vo their near isogenic:
controls, These resules confirm chat insecr feeding is an important contributot
to Fumonisin contamination of corn under conditions where there is significanty
corn borer presence. Protecting corn against insect feeding damage can reduct]
_ the opportunity for fungi co infect kernels. YieldGard Cornborer hybrids has

The mycotoxin factbook
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“Table 1. Lower fumonisin levels in YieldGard
in Torkey, 2001-2002.

Varierdes

DK626 Be (4)*..
DK626 Bt (+)°
DK626 ()
DK626(+)]
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Figure 2. Field erials with YieldGard Cornborer in Tealy, 1999,
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Figure 3. Field trials with YieldGard Cornborer in Argentina, 2000

Table 2. Percentage ceduction in fumonisin levels abserved in fic

with Yieldtard Cornborer by country.

Id trial studies
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of YieldGard Cornborer varieties. These fncluded field ceials in Argentina (de
la Campa et al., 2005) 2nd in Germany (Papst et al., 2005). At some locations
where TieldGud Cormborer was tesced, the reduction in fumonisin levels was
ake che difference herweenan anacceprable crop and one that

large encugh tom
was safe for consumption.
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4, Discussion

Significant fumonisin contamination of corn intended for human consumprion
continues to occur as evidenced by recent reports of its presence in corn meal
(mean level 2,200 pg/kg) and corn-based infant food (de Castro et af, 2004),
Orher scientists are investigating possible links between fumonisin exposure in
early pregnancy and increased incidence of neural tube defecrs in new-borns
(Marasas ef 4f., 2004). Fumonisin and aflatoxin co-contamination of corn has
also been reported in some locations (Bankole and Mabekoje, 2004), which
may be of concern since fumonisins pmnioce the liver carcinogenic activity
of aflatoxin in animal models (Carlson ez al, 2001; Gelderblom ez 2f, 2002).
Given the Wid{is;pu'f:adI dictary exposure to fumonisins alone or in combination
with other mycotoxins, there is an urgent need for more research ro assess the
potential impacts on human health (IPCS, 2000),

The economic impact of mycotoxin contamination of food crops has been
estimated to range from 0.5 to 1.5x10? US dollars per year in the U.S. alone
(CAST, 2003). In other world areas, the economic im pact of mycotoxin
contamination has not been well studied, but is expected to be significant. The
economic impact resulting from human health consequences has not been
included in the aforementioned estimartes. As a consequence of the significant
economic impact of mycotoxins, scientists around the world are actively engaged
in finding ways to reduce mycotoxin contamination of food crops, Biotechnology
is providing tools for researchers to understand the complex dynamics involved
in fungal infection and production of mycotoxins. The fungal syntheric pathways
for mycotoxins such as aflatoxin, fumonisin and deoxynivalenol are complex,
involving multiple enzymaric steps. Biotechnology has helped to identify the
genes involved in mycoroxin synthesis. Gene-knockour fungal straing are being
used to determine key enzymatic steps in mycotoxin production (Proctor e
al., 2003; Alexander, 2004), The regulation of genes involved in mycotoxin
production has been investigared using RNA silencing targeted against
mycotoxin biosynthetic pathway-activating transcription factors (McDonald ez
al., 2005). All of these research efforts may hel p to identify critical control points
in mycotoxin production that could provide research leads for future mycotoxin
reduction. Some have proposed introducing genes into planes thar produce
enzymes to degrade mycotoxins (Duvick, 2001). Others are using biotechnology
to help identify natural resistance factors to fungal infection that are present in
plantsincluding corn (Payne ef al, 2004). Once identified, the coding sequences

206 The mycotoxin factbook
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for these resistance factors may be introduced into susceptible varieties of corn
to see if they improve protection against fungal infection.

Biotechnology is also being used to help develop healthier corn plants, which
can withstand environmental stress facrors that increase suscepribility to
fungal infection in the field. Results were presented for fumonisin reduction
in corn plants protected against corn borers. Building on this initial success,
the next generation of Br corn will produce Cry proteins that will provide
better protection against a wider variety of insect pests such as fall armyworm,
corn earworm in addirion to corn borers (EPA, 2006). The overall strategy is
to produce corn varieties that are much less susceprible to enyironmental stress
factors in the field and therefore improve yield for farmers. A secondary benefic
of these improvements should be reduced suscepribility to fungal infection and

Mmycotoxin contamination, {

An example of reduced environmental stress followed the recent introduction
of another Bt corn variety protected against corn rootworm feeding ( YieldGard
Rootworm®). This variety demonstrated superior performance in 2005 across
parts of the midwest US. afflicted with prolonged drought (Rice and Oleson,
2005). The maintenance of a healthy root system afforded betrer absorption of
water and nutrients thus protecting the plant against drought stress compared
to conventional corn varieties that were less protected against rootworm damage
(Wenzel, 2006). The introducrion of herbicide resistant corn varieties can also
improve nutrient availability by reducing weed competition, which competes
for the same nutrients such as nitrogen. Increasing the availability of nitrogen
has been reported to reduce aflatoxin contamination in corn (Munkvold, 2003).

The combination of root, stalk and ear protection against inscct feeding as well

as herbicide tolerance in the same corn plant can reduce plant stress significantly,

Ongoing research is identifying genes that reduce drought stress and others
thac improve the efficiency of nitrogen uptake from the roots {Schulze, 2005),

Combining these important agronomic traits with those already available will

further enhance theability of improved corn varieties towithstand a broad variery of
plant stress factors. It is anticipate that these imprgvements will also lead to furcher

reduced fungal infection and mycotoxin contamination. Thus, biotechnology has

opened up many different research opportunities, which may lead ro significanc

reduction of mycotoxin contamination of food and feed crops.

The mycotoxin factbook

T T e nD M T ST

e

B
i : -




g. Hammond et al.

5. Conclusion

Fumonisin contamination occurs wherever corn is grown. Field trial experimentsin
locations where corn borers are prevalent have consistently found lower fumonisin
contamination in the grain of YieldGard Comborer hybrids. At some locations,
the reduction in fumonisin levels was large enough to make the difference between
an unacceptable crop and one that was safe for consumption, Biotechnology will 3
provide many tools to help underseand the dynamics of environmental stress
factors and their impact on fungal interactions with the corn plant resulting in
mycotoxin production. This may lead to new intervention strategies to reduce
mycotoxin contamination. Developing healthier corn plants to better withstand
environmental stress facrors will also have secondary benefits of reducing.
mycoroxin contamination. The application of the many biotechnology tools that
“re now available should significantly improve crop yield and improve feed and
food security, which is of critical economic importance to the world community;
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