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FSANZ Submissions:

Gene Ethics asks FSANZ to reject application A1042 and to also review its approval of all other
approved GM varieties, in the light of new and as yet unassessed evidence of potential harm to human
and animal health and safety.

The grounds for this rejection are that evidence on the digestibility and degradation of the proteins and
DNA in genetically manipulated food crops has not been fully or adequately considered and incorporated
into your assessments, especially in the light of recently published new evidence. Modelling is also an
inadequate basis for assuming the safety of foods, especially novel foods.

The FSANZ assessment report says:

"The AAD-1 protein was investigated for its potential to be a toxin or allergen.
Bioinformatic

studies with the AAD-1 protein have confirmed the absence of any biologically significant
amino acid sequence similarity to known protein toxins or allergens and digestibility studies

have demonstrated that the protein would be rapidly degraded following ingestion,
similar to other dietary proteins. Taken together, the evidence indicates that the AAD-1
protein is

neither toxic nor likely to be allergenic in humans."

But this assertion appears to be an assumption not a fact, an assumption refuted by a new Canadian study by
Aris and Leblanc (attached) which found, according to their abstract:

"Pesticides associated to genetically modified foods (PAGMF), are engineered to tolerate
herbicides such as glyphosate (GLYP) and gluphosinate (GLUF) or insecticides such as the
bacterial toxin bacillus thuringiensis (Bt). The aim of this study was to evaluate the
correlation between maternal and fetal exposure, and to determine exposure levels of GLYP
and its metabolite aminomethyl phosphoric acid (AMPA), GLUF and its metabolite 3-
methylphosphinicopropionic acid (3-MPPA) and Cry1Ab protein (a Bt toxin) in East- ern
Townships of Quebec, Canada. Blood of thirty pregnant women (PW) and thirty-nine
nonpregnant women (NPW) were studied. Serum GLYP and GLUF were detected in NPW
and not detected in PW. Serum 3-MPPA and CryAbl toxin were detected in PW, their
fetuses and NPW. This is the first study to reveal the presence of circulating PAGMF in
women with and without pregnancy, paving the way for a new field in reproductive
toxicology including nutrition and utero-placental toxicities."
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The exposure of women and their foetuses to undigested and undegraded foreign DNA and protein not
previously in the human diet needs more exploration before this GM corn is approved and registered.

FSANZ' assumption concerning protein and DNA degradation is also challenged by Prof Jack Heinemann's
Report, entitled "Report on animals exposed to GM ingredients in animal feed" (July 2009) (attached). The
report is not cited by the FSANZ assessors so we can assume they have not considered the evidence
presented in his review.

Heinemann concludes: "There is compelling evidence that animals provided with feed
containing GM ingredients can react in a way that is unique to an exposure to GM plants.
This is revealed through metabolic, physiological or immunological responses in exposed
animals." The report surveys all published animal feeding studies and subjects them to
careful analysis. Though Heinemann refuses to be drawn on health and safety (outside his
brief) he finds many deficiencies in the studies which purport to show "no effects" from
consumption of GM animal feed. For instance, in some animal feeding experiments GM feed
was fed to both the test and control groups, thus masking GM effects. Many animal feeding
experiments were also too short to reveal any physiological changes. Other deficiencies
relate to variability in the GM DNA of feed supplies, the sensitivity of the testing methods
used, and the use of surrogate proteins rather than whole GM feed in the testing protocols.

Heinemann finds that many studies (including some conducted under the auspices of the GM
industry) show statistically significant physiological changes in GM-fed animals, and reveal
the presence of "DNA and protein unique to GM plants within animals and animal products."

Gene Ethics calls on FSANZ to reject application 1042, for the approval of herbicide-tolerant corn line
DAS-40278-9, on the grounds that:

« reliance on modelling - so-called bioinformatic studies' - is inadequate evidence for the assumption
that this genetically manipulated corn is safe for humans and animals to eat; and

» that FSANZ has not considered all the relevant contemporary evidence which appears to refute its
protein and DNA 'digestibility' assumption.

Yours sincerely,

Bob Phelps

Executive Director

Gene Ethics

Level 2, 60 Leicester St, Carlton 3053 Australia

Tel: 1300 133 868 or 03 9347 4500 {Int Code +613}
Mob: 0449 769 066

Fax: 039341 8199

Email:  info@geneethics.org

WWW: http://www.geneethics.org

THINK, CARE, ACT!

FSANZ has assessed Application A1042 - food derived from Herbicide-tolerant Corn Line DAS-40278-9 -
and prepared a draft food regulatory measure. FSANZ is further considering the draft and invites written




submissions for the purpose of either approving, amending or rejecting the measure by 6pm (Canberra
time) on 19 April 2011.
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ABSTRACT

Pesticides associated to genetically modified foods (PAGMF), are engineered to tolerate herbicides such as
glyphosate (GLYP) and gluphosinate (GLUF) or insecticides such as the bacterial toxin bacillus thuringien-
sis (Bt). The aim of this study was to evaluate the correlation between maternal and fetal exposure, and
to determine exposure levels of GLYP and its metabolite aminomethyl phosphoric acid (AMPA), GLUF
and its metabolite 3-methylphosphinicopropionic acid (3-MPPA) and Cry1Ab protein (a Bt toxin) in East-
ern Townships of Quebec, Canada. Blood of thirty pregnant women (PW) and thirty-nine nonpregnant
women (NPW) were studied. Serum GLYP and GLUF were detected in NPW and not detected in PW.
Serum 3-MPPA and CryAb1 toxin were detected in PW, their fetuses and NPW. This is the first study to
reveal the presence of circulating PAGMF in women with and without pregnancy, paving the way for a
new field in reproductive toxicology including nutrition and utero-placental toxicities.

Glyphosate
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1. Introduction

An optimal exchange across the maternal-fetal unit (MFU) is
necessary for a successful pregnancy. The placenta plays a major
role in the embryo’s nutrition and growth, in the regulation of the
endocrine functions and in drug biotransformation [ 1-3]. Exchange
involves not only physiological constituents, but also substances
that represent a pathological risk for the fetus such as xenobiotics
that include drugs, food additives, pesticides, and environmental
pollutants [4]. The understanding of what xenobiotics do to the
MFU and what the MFU does to the xenobiotics should provide
the basis for the use of placenta as a tool to investigate and predict
some aspects of developmental toxicity [4]. Moreover, pathological
conditions in the placenta are important causes of intrauterine or
perinatal death, congenital anomalies, intrauterine growth retarda-
tion, maternal death, and a great deal of morbidity for both, mother
and child [5].

Genetically modified plants (GMP) were first approved for
commercialization in Canada in 1996 then become distributed
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worldwide. Global areas of these GMP increased from 1.7 mil-
lion hectares in 1996 to 134 million hectares in 2009, a 80-fold
increase [6]. This growth rate makes GMP the fastest adopted
crop technology [6]. GMP are plants in which genetic material
has been altered in a way that does not occur naturally. Genetic
engineering allows gene transfer (transgenesis) from an organism
into another in order to confer them new traits. Combining GMP
with pesticides-associated GM foods (PAGMF) allows the protec-
tion of desirable crops and the elimination of unwanted plants
by reducing the competition for nutrients or by providing insect
resistance. There is a debate on the direct threat of genes used
in the preparation of these new foods on human health, as they
are not detectabie in the body, but the real danger may come
from PAGMF [6-10]. Among the innumerable PAGMF, two cate-
gories are largely used in our agriculture since their introduction in
1996: (1) residues derived from herbicide-tolerant GM crops such
as glyphosate (GLYP) and its metabolite aminomethyl phospho-
ric acid (AMPA) [11], and gluphosinate ammonium (GLUF) and its
metabolite 3-methylphosphinicopropionic acid (MPPA) {12]; and
(2) residues derived from insect-resistant GM crops such as Cry1Ab
protein [13,14].

Among herbicide-tolerant GM crops, the first to be grown
commercially were soybeans which were modified to tolerate
glyphosate [11]. Glyphosate [N-(phosphonomethyl!) glycine] is a
nonselective, post-emergence herbicide used for the control of a
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wide range of weeds {15]. It can be used on non-crop land as well
as in a great variety of crops. GLYP is the active ingredient in the
commercial herbicide Roundup®, Glyphosate is an acid, but usually
used in a salt form, most commonly the isopropylamine salt. The
target of glyphosate is 5-enolpyruvoylshikimate 3-phosphate syn-
thase (EPSPS), an enzyme in the shikimate pathway that is required
for the synthesis of many aromatic plant metabolites, including
some amino acids. The gene that confers tolerance of the her-
bicide is from the soil bacterium Agrobacterium tumefaciens and
makes an EPSPS that is not affected by glyphosate. Few studies
have examined the kinetics of absorption, distribution, metabolism
and elimination (ADME) of glyphosate in humans [15,16]. Cur-
win et al. [17] reported detection of urinary GLYP concentrations
among children, mothers and fathers living in farm and non farm
households in lowa. The ranges of detection were 0.062-5.0 ng/ml
and 0.10-11ng/ml for non farm and farm mothers, respectively.
There was no significant difference between farm and non farm
mothers and no positive association between the mothers’ urinary
glyphosate levels and glyphosate dust concentrations. These find-
ings suggest that other sources of exposure such as diet may be
involved.

Gluphosinate (or glufosinate) {ammonium di-homoalanin-4-
(methyl) phosphinate] is a broad-spectrum, contact herbicide. Its
major metabolite is 3-methylphosphinicopropionic acid (MPPA),
with which it has similar biological and toxicological effects [18].
GLUFis used to control a wide range of weeds after the crop emerges
or for total vegetation control on land not used for cultivation.
Gluphosinate herbicides are also used to desiccate (dry out) crops
before harvest. It is a phosphorus-containing amino acid. It inhibits
the activity of an enzyme, glutamine synthetase, which is necessary
for the production of the amino acid glutamine and for ammonia
detoxification [12]. The application of GLUF leads to reduced glu-
tamine and increased ammonia levels in the plant's tissues. This
causes photosynthesis to stop and the plant dies within a few days.
GLUF also inhibits the same enzyme in animals [19]. The gene
used to make plants resistant to gluphosinate comes from the bac-
terium Streptomyces hygroscopicus and encodes an enzyme called
phosphinothricine acety! transferase (PAT). This enzyme detoxifies
GLUF. Crop varieties carrying this trait include varieties of oilseed
rape, maize, soybeans, sugar beet, fodder beet, cotton and rice. As
for GLYP, its kinetics of absorption, distribution, metabolism and
elimination (ADME) is not well studied in humans, except few
poisoned-case studies [16,20,21]. Hirose et al. reported the case of
a 65-year-old male who ingested BASTA, which contains 20% (w/v)
of GLUF ammonium, about 300 ml, more than the estimated human
toxic dose {20]. The authors studied the serial change of serum
GLUF concentration every 3-6 h and assessed the urinary excretion
of GLUF every 24 h. The absorbed amount of GLUF was estimated
from the cumulative urinary excretion. The changes in serum GLUF
concentration exhibited Ty 3 of 1.84 and Ty, 0f9.59 h. The appar-
ent distribution volume at b-phase and the total body clearance
were 1.441/kg and 86.6 ml/min, respectively. Renal clearance was
estimated to be 77.9 ml/min.

The Cry1Ab toxin is an insecticidal protein produced by the
naturally occurring soil bacterium Bacillus thuringiensis [22,23].
The gene (truncated crylAb gene) encoding this insecticidal pro-
tein was genetically transformed into maize genome to produce a
transgenic insect-resistant plant (Bt-maize; MON810) and, thereby,
provide specific protection against Lepidoptera infestation {13,14].
For more than 10years, GM crops have been commercialized and
approved as an animal feed in several countries worldwide. The
Cry toxins (protoxins) produced by GM crops are solubilized and
activated to Cry toxins by gut proteases of susceptible insect lar-
vae. Activated toxin binds to specific receptors localized in the
midgut epithelial cells [24,25], invading the cell membrane and
forming cation-selective ion channels that lead to the disrup-

tion of the epithelial barrier and larval death by osmotic cell
lysis {26-28].

Since the basis of better health is prevention, one would hope
that we can develop procedures to avoid environmentally induced
disease in susceptible population such as pregnant women and
their fetuses. The fetus is considered to be highly susceptible to the
adverse effects of xenobiotics. This is because environmental agents
could disrupt the biological events that are required to ensure
normal growth and development [29,30]. PAGMF are among the
xenobiotics that have recently emerged and extensively entered
the human food chain [9], paving the way for a new field of multi-
disciplinary research, combining human reproduction, toxicology
and nutrition, but not as yet explored. Generated data will help reg-
ularory agencies responsible for the protection of human health to
make better decisions. Thus, the aim of this study was to investi-
gate whether pregnant women are exposed to PAGMF and whether
these toxicants cross the placenta to reach the fetus.

2. Materials and methods
2.1. Chemicals and reagents

For the analytical support {Section 2.3), GLYP, AMPA, GLUF, APPA and
N-methyl-N-(tert-butyldimethylsilyl) trifluoroacetamide (MTBSTFA)+1% tert-
buryldimethylchlorosilane (TBDMCS) were purchased from Sigma (St. Louis, MO,
USA). 3-MPPA was purchased from Wako Chemicals USA (Richmond, VA, USA)
and Sep-Pak Plus PS-2 cartridges, from Waters Corporation (Milford, MA, USA).
All other chemicals and reagents were of analytical grade (Sigma, MO, USA). The
serum samples for validation were collected from volunteers.

2.2, Study subjects and blood sampling

At the Centre Hospitalier Universitaire de Sherbrooke (CHUS), we formed two
groups of subjects: (1) a group of healthy pregnant women (n=30), recruited at
delivery; and (2) a group of healthy fertile nonpregnant women (n =39), recruited
during their tubal ligation of sterilization. As shown in Table 1 of clinical character-
istics of subjects, eligible groups were matched for age and body mass index (BMI).
Participants were not known for cigarette or illicit drug use or for medical condi-
tion (i.e. diabetes, hypertension or metabolic disease). Pregnant women had vaginal
delivery and did not have any adverse perinatal outcomes. All neonates were of
appropriate size for gestational age (3423 375¢g).

Blood sampling was done before delivery for pregnant women or at tubal ligation
for nonpregnant women and was most commonly obtained from the median cubital
vein, on the anterior forearm. Umbilical cord blood sampling was done after birth
using the syringe method. Since labor time can take several hours, the time between
taking the last meal and blood sampling is often a matter of hours. Blood samples
were collected in BD Vacutainer 10 mi glass serum tubes (Franklin Lakes, NJ, USA).
To obtain serum, whole blood was centrifuged at 2000 rpm for 15 min within 1 h of
collection. For maternal samples, about 10m! of blood was collected, resulting in
5-6.5 ml of serum. For cord blood samples, about 10 ml of blood was also collected
by syringe, giving 3-4.5 ml of serum. Serum was stored at -20 C until assayed for
PAGMF levels.

Subjects were pregnant and non-pregnant women living in Sherbrooke. an
urban area of Eastern Townships of Quebec, Canada. No subject had worked or lived
with a spouse working in contact with pesticides. The diet taken is typical of amiddle

Table 1
Characteristics of subjects.
Pregnant women Nonpregnant Pvalue*®
(n=30) women {n=39}
Age 324+ 42 33.9+4.0 NS
(year,
mean +SD)
BMI 24,9 + 3.1 248+3.4 NS
(kg/m?,
mean +SD)
Gestational age 383+25 N/A N/A
(week,
mean +£SD)
Birth weight 3364 + 335 NjA N/A

(g, mean £SD)

BMI, body mass index; NJA, not applicable: data are expressed as mean £ SD: NS,
not significant.
2 pvalues were determined by Mann-Whitney test.
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class population of Western industrialized countries. A food market-basket, repre-
sentative for the general Sherbrooke population, contains various meats, margarine,
canola oil. rice, corn, grain, peanuts, potatoes, fruits and vegetables, eggs, poultry,
meat and fish. Beverages include milk, juice, tea, coffee, bottled water, soft drinks
and beer. Most of these foods come mainly from the province of Quebec, then the
restof Canada and the United States of America. Our study did not quantify the exact
levels of PACMF in a market-basket study. However, given the widespread use of
GM foods in the local daily diet (soybeans, corn, potatoes, .. .}, it is conceivable that
the majority of the population is exposed through their daily diet {31,32].

The study was approved by the CHUS Ethics Human Research Committee on
Clinical Research. All participants gave written consent.

2.3. Herbicide and metabolite determination

Levels of GLYP, AMPA, GLUF and 3-MPPA were measured using gas
chromatography-mass spectrometry (GC~MS).

2.3.1. Calibration curve .
According to a method described by Motojyuku et al. {16], GLYP, AMPA, GLUF
and 3-MPPA (1 mg/ml} were prepared in 10% methanol, which is used for all stan-
dards dilutions. These solutions were further diluted to concentrations of 100 and
10 ug/mland stored for a maximum of 3 months at4°C. A 1 wg/misolution from pre-
vious components was made prior herbicide extraction. These solutions were used
as calibrators. A stock solution of DL-2-amino-3-phosphonopropionic acid (APPA)
(1 mg/mi) was prepared and used as an internal standard (IS). The IS stock solution
was further diluted to a concentration of 100 .g/ml. Blank serum samples (0.2 ml)
were spiked with 5l of IS (100 pg/ml), 5 wl of each calibrator solution (100 pg/ml),
or 10, 5l of 10 wg/ml solution, or 10, 5 it of 1 pg/ml! solution, resulting in cali-
bration samples containing 0.5 wg of IS (2.5 pg/ml), with 0.5 g (2.5 wg/ml), 0.1 [1%:4
(0.5 pg/ml), 0.05 ug (0.25 pgfml), 0.01 ng (0.05 pg/ml) 0.005 pg (0.025 pg/ml) of
each compound (i.e. GLYP, AMPA, GLUF and 3-MPPA). Concerning extraction devel-
opment, spiked serum with 5 pg/ml of each compound was used as control sample.

2.3.2. Extraction procedure

The calibration curves and serum samples were extracted by employing a solid
phase extraction (SPE) technique, modified from manufacturer’s recommendations
and from Motojyuku et al. [ 16]. Spiked serum (0.2 ml), prepared as described above,
and acetonitrile (0.2 ml) were added to centrifuge tubes. The tubes were then vor-
texed (15s) and centrifuged (5 min, 1600 x g). The samples were purified by SPE
using 100 mg Sep-Pak Plus PS-2 cartridges, which were conditioned by washing with
4 mlofacetonitrile followed by 4 mlof distilled water. The samples were loaded onto
the SPE cartridges, dried (3 min, 5 psi) and eluted with 2 ml of acetonitrile. The sol-
vent was evaporated to dryness under nitrogen. The samples were reconstituted in
50 wleach of MTBSTFA with 1% TBDMCS and acetonitrile, The mixture was vortexed
for 305 every 10min, 6 times. Samples of solution containing the derivatives were
used directly for GC~MS (Agilent Technologies 6890N GC and 5973 Invert MS).

2.3.3. GC-MS analysis

Chromatographic conditions for these analyses were as followed: a
30mx 0.25mm Zebron ZB-5MS fused-silica capillary column with a film
thickness of 0.25um from Phenomenex (Torrance, CA, USA) was used. Helium
was used as a carrier gas at 1.1 ml/min. A 2 wl extract was injected in a split mode
at an injection temperature of 250°C. The oven temperature was programmed
to increase from an initial temperature of 100°C (held for 3 min) to 300<C (held
for 5min) at 5 C/min. The temperatures of the quadrupode, ion source and
mass-selective detector interface were respectively 150, 230 and 280"C. The MS
was operated in the selected-ion monitoring (SIM) mode. The following ions were
monitored (with quantitative ions in parentheses): GLYP (454), 352; AMPA (396),
367: GLUF (466); 3-MPPA (323); IS (568), 466.

The limit of detection (LOD) is defined as a signal of three times the noise. For
0.2 ml serum samples, LOD was 15, 10, 10 and 5 ng/ml for GLYP, GLUF, AMPA and
3-MPPA, respectively.

2.4. CrylAb protein determination

Cry1Ab protein levels were determined in blood using a commercially avail-
able double antibody sandwich (DAS) enzyme-linked immunosorbent assay (Agdia,
Elkhart, IN, USA). following manufacturer's instructions. A standard curve was pre-
pared by successive dilutions (0.1-10 ng/ml) of purified Cry1Ab protein (Fitzgerald
Industries International, North Acton, MA, USA) in PBST buffer. The mean absorbance
(650nm) was calculated and used to determine samples concentration. Positive
and negative controls were prepared with the kit Cry1Ab positive control solution,
diluted 1/2 in serum.

2.5. Statistical analysis

PAGMP exposure was expressed as number, range and mean +SD for each
group. Characteristics of cases and controls and PAGMP exposure were compared
using the Mann-Whitney U-test for continuous data and by Fisher's exact test for
categorical data. Wilcoxon matched pairs test compared two dependent groups.

Table 2
Concentrations of GLYP, AMPA, GLUF, 3-MPPA and Cry1Ab protein in maternal and
fetal cord serum.

Maternal{(n=30) Fetalcord(n=30) P value?
GLYP
Number of detection nd nd nc
Range of detection (ng/ml}
Mean +SD
AMPA
Number of detection nd nd nc
Range of detection (ng/ml)
Mean +SD (ng/mi)
GLUF
Number of detection nd nd nc
Range of detection (ng/ml)
Mean * SD (ng/ml)
3-MPPA
Number of detection 30/30 (100%) 30/30 (100%) P<0.001
Range of detection (ng/ml) 21.9-417 8.76-193
Mean + SD (ng/ml} 120+ 87.0 57.2+45.6
CrylAb
Number of detection 28/30(93%) 24/30 (80%) P=0.002
Range of detection (ng/ml) nd-1.50 nd-0.14
Mean + SD (ng/ml) 0.19+0.30 0.04+0.04

GLYP, glyphosate; AMPA, aminomethyl phosphoric acid; GLUF, gluphosinate ammo-
nium; 3-MPPA, 3-methylphosphinicopropionic acid; Cry1Ab, protein from bacillus
thuringiensis; nd, not detectable; nc, not calculable because not detectable. Data are
expressed as number (n, %) of detection, range and mean + SD (ng/ml).

¢ Pvalues were determined by Wilcoxon matched pairs test.

Other statistical analyses were performed using Spearman correlations. Analyses
were realized with the software SPSS version 17.0. A value of P < 0.05 was considered
as significant for every statistical analysis.

3. Results

As shown in Table 1, pregnant women and nonpregnant women
were similar in terms of age and body mass index. Pregnant women
had normal deliveries and birth-weight infants (Table 1).

GLYP and GLUF were non-detectable (nd) in maternal and
fetal serum, but detected in nonpregnant women (Table 2,
Fig. 1). GLYP was [2/39 (5%), range (nd-93.6ng/ml) and
mean = SD (73.6+28.2 ng/ml)] and GLUF was {7/39 (18%), range
(nd-53.6 ng/ml) and mean + SD (28.7 + 15.7 ng/ml). AMPA was not
detected in maternal, fetal and nonpregnant women samples. The
metabolite 3-MPPA was detected in maternal serum [30/30(100%),
range (21.9-417 ng/ml) and mean + SD (120 + 87.0 ng/ml), in fetal
cord serum [30/30 (100%), range (8.76-193 ng/ml) and mean + SD
(57.2445.6ng/ml) and in nonpregnant women serum [26/39
(67%), range (nd-337 ng/ml) and mean + SD (84.1 + 70.3 ng/ml)]. A
significant difference in 3-MPPA levels was evident between mater-
nal and fetal serum (P<0.001, Table 2, Fig. 1), but not between
maternal and nonpregnantwomen serum (P=0.075, Table 3, Fig. 1).

Serum insecticide CrylAb toxin was detected in: (1) preg-
nant women [28/30 (93%), range (nd-1.5ng/ml) and mean +SD
(0.19+0.30 ng/ml)]; (2) nonpregnant women [27/39 (69%), range
(nd-2.28ng/ml) and mean+SD (0.13+0.37ng/ml)]; and (3)
fetal cord [24/30 (80%), range (nd-0.14ng/ml) and mean+SD
(0.04 +£0.04 ng/ml)}. A significant difference in Cry1Ab levels was
evident between pregnant and nonpregnant women's serum
(P=0.006, Table 3, Fig. 2) and between maternal and fetal serum
(P=0.002, Table 2, Fig. 2).

We also investigated a possible correlation between the differ-
ent contaminants in the same woman. In pregnant women, GLYP,
its metabolite AMPA and GLUF were undetectable in maternal
blood and therefore impossible to establish a correlation between
them. In nonpregnant women, GLYP was detected in 5% of the sub-
jects, its metabolite AMPA was not detected and GLUF was detected
in 18%, thus no significant correlation emerged from these contam-
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Fig. 1. Circulating concentrations of Glyphosate (GLYP: A), Gluphosinate (GLUF: B) and 3-methylphosphinicopropionic acid (3-MPPA: C and D) in pregnant and nonpregnant
women (A-C) and in maternal and fetal cord blood (D). Blood sampling was performed from thirty pregnant women and thirty-nine nonpregnant women. Chemicals were
assessed using GC-MS. P values were determined by Mann-Whitney test in the comparison of pregnant women to nonpregnant women (A-C). P values were determined by
Wilcoxon matched pairs test in the comparison of maternal to fetal samples (D). A P value of 0.05 was considered as significant.

Table 3
Concentrations of GLYP, AMPA, GLUF, 3-MPPA and Cry1Ab protein in serum of preg-
nant and nonpregnant women.

Pregnant women Nonpregnant Pvalue?
(n=30) women {n=39}

GLYP
Number of detection nd 2/39 (5%} nc
Range of detection nd-93.6

(ng/ml)
Mean £ SD 73.6+28.2
AMPA
Number of detection nd nd nc
Range of detection

(ng/ml)
Mean + SD (ng/ml})
GLUF
Number of detection nd 7139 (18%) nc
Range of detection nd-53.6

(ng/ml)
Mean + SD (ng/ml) 28.7+£15.7
3-MPPA
Number of detection 30/30 (100%) 26/39 (67%) P=0.075
Range of detection 21.9-417 nd-337

(ng/ml)
Mean + SD (ng/ml) 120+ 87.0 84.1+£70.3
Cry1Ab
Number of detection 28/30(93%) 27/39 (69%) P=0.006
Range of detection nd-1.50 nd-2.28

(ng/ml)
Mean + SD (ng/ml) 0.19+£0.30 0.13+0.37

GLYP, glyphosate: AMPA, aminomethy! phosphoricacid; GLUF, gluphosinate ammo-
nium; 3-MPPA, 3-methylphosphinicopropionic acid; Cry1Ab, protein from bacillus
thuringiensis; nd, not detectable; nc, not calculable because not detectable. Data are
expressed as number (n, %) of detection, range and mean = SD (ng/ml).

4 pvalues were determined by Mann-Whitney test.
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Fig. 2. Circulating concentrations of Cry1Ab toxin in pregnant and nonpregnant
women (A), and maternal and fetal cord (B). Blood sampling was performed from
thirty pregnant women and thirty-nine nonpregnant women. Levels of Cry1Ab toxin
were assessed using an ELISA method. P values were determined by Mann-Whitney
test in the comparison of pregnant women to nonpregnant women (A). Pvalues were
determined by Wilcoxon matched pairs test in the comparison of maternal to fetal
samples (B). A P value of 0.05 was considered as significant.
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inants in the same subjects. Moreover, there was no correlation
between 3-MPPA and Cry1Ab in the same women, both pregnant
and not pregnant.

4. Discussion

Our results show that GLYP was not detected in maternal and
fetal blood, but present in the blood of some nonpregnant women
(5%), whereas its metabolite AMPA was not detected in all ana-
lyzed samples. This is may be explained by the absence of exposure,
the efficiency of elimination or the limitation of the method of
detection. Previous studies report that glyphosate and AMPA share
similar toxicological profiles. Glyphosate toxicity has been shown
to be involved in the induction of developmental retardation of
fetal skeleton [33] and significant adverse effects on the reproduc-
tive system of male Wistar rats at puberty and during adulthood
[34]. Also, glyphosate was harmful to human placental cells [35.36]
and embryonic cells [36]. It is interesting to note that all of these
animal and in vitro studies used very high concentrations of GLYP
compared to the human levels found in our studies. In this regard,
ourresults represent actual concentrations detected in humans and
therefore they constitute a referential basis for future investiga-
tions in this field.

GLUF was detected in 18% of nonpregnant women's blood and
not detected in maternal and fetal blood. As for GLYP, the non detec-
tion of GLUF may be explained by the absence of exposure, the
efficiency of elimination or the limitation of the method of detec-
tion. Regarding the non-detection of certain chemicals in pregnant
women compared with non pregnant women, it is assumed that
the hemodilution caused by pregnancy may explain, at least in
part, such non-detection. On the other hand, 3-MPPA (the metabo-
lite of GLUF) was detected in 100% of maternal and umbilical cord
blood samples, and in 67% of the nonpregnant women's blood sam-
ples. This highlights that this metabolite is more detectable than
its precursor and seems to easily cross the placenta to reach the
fetus. Garciaetal.[37]investigated the potential teratogenic effects
of GLUF in humans found and increased risk of congenital mal-
formations with exposure to GLUF. GLUF has also been shown in
mouse embryos to cause growth retardation, increased death or
hypoplasia [18]. As for GLYP, it is interesting to note that the GLUF
concentrations used in these tests are very high (10 ug/ml) com-
pared to the levels we found in this study (53.6 ng/ml). Hence, our
data which provide the actual and precise concentrations of these
toxicants, will help in the design of more relevant studies in the
future.

On the other hand, Cry1Ab toxin was detected in 93% and 80%
of maternal and fetal blood samples, respectively and in 69% of
tested blood samples from nonpregnant women. There are no other
studies for comparison with our results. However, trace amounts
of the Cry1Ab toxin were detected in the gastrointestinal contents
of livestock fed on GM corn [38-40), raising concerns about this
toxin in insect-resistant GM crops; (1) that these toxins may not be
effectively eliminated in humans and (2) there may be a high risk
of exposure through consumption of contaminated meat.

5. Conclusions

To our knowledge, this is the first study to highlight the presence
of pesticides-associated genetically modified foods in maternal,
fetal and nonpregnant women’s blood. 3-MPPA and Cry1Ab toxin
are clearly detectable and appear to cross the placenta to the
fetus. Given the potential toxicity of these environmental pol-
lutants and the fragility of the fetus, more studies are needed,
particularly those using the placental transfer approach [41]. Thus,
our present results will provide baseline data for future studies

exploring a new area of research relating to nutrition, toxicology
and reproduction in women. Today, obstetric-gynecological dis-
orders that are associated with environmental chemicals are not
known. This may involve perinatal complications (i.e. abortion, pre-
maturity, intrauterine growth restriction and preeclampsia) and
reproductive disorders (i.e. infertility, endometriosis and gyneco-
logical cancer). Thus, knowing the actual PAGMF concentrations in
humans constitutes a cornerstone in the advancement of research
in this area.
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Opening

This is my expert opinion based on experience and research (full CV attached in
Appendix One) in relation to the questions posed by the Commission and outlined in the
Summary below. All assertions I make and conclusions that I draw are my opinion.

In brief, I am a professor of genetics and molecular biology primarily employed by the
University of Canterbury, Christchurch, but I consult with permission under the name
Gendora, Ltd. (http:/gendora.net/). Previously, I was a staff fellow at the National
Institutes of Health, Institute of Allergy and Infectious Diseases in the USA. My PhD in
Molecular Biology was conferred by the University of Oregon, Eugene, USA and my
dual undergraduate degrees in biochemistry and molecular biology by the University of
Wisconsin, Madison, USA. I represented the University of Canterbury at the Royal
Commission on Genetic Modification. I served a Parliamentary Select Committee as an
expert witness on “Corngate”. | am listed as a United Nations Expert in Biosafety, serve
on the Ad Hoc Technical Experts Group for the Protocol on Biosafety (United Nations),
and have authored nearly one hundred peer-reviewed or scholarly publications in books
and journals such as Science, Nature, Nature Biotechnology, Trends in Biotechnology and
others. I have provided expert advice to agencies of the USA, New Zealand and
Norwegian Governments.

I have no financial conflicts of interest in this matter. As far as I am aware, I held no
investments in Inghams Enterptises or its competitors and I have never received research
funding from Inghams Enterprises or its competitors.

Summary of opinion

The Commerce Commission requested that I research and report to the Commission on
whether animals exposed to feed containing genetically modified material (“GM feed”)
do in fact contain “no GM [genetically modified] ingredients™. The provision of expert
opinion to the Commission was sought in relation to ‘Inghams Enterprises (NZ) Pty
Limited chicken product/s as advertised as containing “no added hormones, GM
[genetically modified] ingredients” and sold in New Zealand. I was to comment on
(including comment on the likelihood of the event occurring) with regard to GM plants
used in foad or feed:

o could DNA from GM plants be transferred to the animal;
could GM plants be incorporated into other products sold as chicken products,
including breading or stuffing;

¢ could proteins from GM plants be transferred to the product or could the GM feed
alter metabolites in the animal;

o could the GM feed cause physiological or immunological responses in the
animal?
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I was not asked to consider the validity of safety claims made in the name of GM-free or
GM-containing produets, biological significance of any reported effects in animals
exposed to this material, or to evaluate animal welfare issues.

The issue in essence is herein framed as not whether GM feed makes a chicken a product
of gene (or more commonly called, modern) biotechnology (i.e., 8 GM chicken), but
whether the use of GM feed itself might be a GM ingredient.

There is substantial and credible literature that reports the detection of DNA and protein
unique to GM plants within animals and animal products. In the absence of competent
and dedicated testing to the contrary, it is not possible to conclude that animals and
derived products are free of GM materlal when they have been exposed to GM plants
through i) feeding, i) proximity to other animals on GM feed, or iif) subsequent
processing. The most consistent finding in the literature is that animals not exposed to
GM feed were unlikely to be contaminated with GM material.

There is compelling evidence that animals provided with feed containing GM ingredients
can react in a way that Is unique to an exposure to GM plants. This is revealed through
metabolic, physiological or immunological responses in exposed animals, In the absence
of appropriate testing, it is not possible to conclude that an effect of growing an animal
on GM feed will not persist to the final product even in the absence of residue from the
GM material.

The cumulative strength of the positive detections reviewed below leave me no
reasonable uncertainty that GM plant material can transfer to animals exposed to GM
feed in thelr diets or environment, and that there can be a residual difference in animals
or animal-products as a result of exposure to GM feed.

Explanation of opinion

Background

Genetic engineering/modification (GE/GM) is one of a family of techniques that are
internationally recognised under the heading “modern biotechnologies” and the products
of these techniques are regulated separately from other biotechnologies for assuring their
safety to human health and the environment (Biosafety Assessment Tool, 2009,
Heinemann, 2009). Genetic modification involves removing genetic material (nucleic
acids such as DNA) from the normal physiological context of a cell or virus and
introducing it into another organism. The technique can introduce new, or delete existing,
genetic material, Either outcome creates a genetically modified organism (GMO). A
GMO is made through the use of genetic material from any source whether or not of the
same species. Even if DNA were isolated from and then introduced back into one-in-the
same individual, the organism would become a GMO.

Most, perhaps all, commercial GM plants available now for use in making animal feed
are created by the Insertion of DNA. Most of these plants are designed to produce one or
more proteins according to the code of the inserted DNA, and that then impart an
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agronomic trait such as herbicide or pest tolerance (IAASTD, 2009). That DNA and any
associated gene product in the GM plant can be consumed by and may persist In animals.

Animals exposed to GM plants through inhalation or feed may react to their unique
composition. This reaction may be seen as changes in physiology, metabolites or an
immune response.

In considering the statement “no GM ingredients”, [ was to comment on (including
comment on the likelihood of the event occutring) with regard to GM plants used in food
or feed:

could DNA from GM plants be transferred to the animal;
could GM plants be incotporated into other products sold as chicken products,
including breading or stuffing;

e could proteins from GM plants be transferred to the product or could the GM feed
alter metabolites in the animal,

o could the GM feed cause physiological or immunological responses in the
animal?

To advertise that something has no GM ingredients is to make a claim that is understood
in some way by consumers. There is at least evidence from overseas that such labels
appeal to some consumers. A survey conducted in the USA found that nearly a third of
respondents to the question “would you be ‘willing to consume meat products from cows
or chickens fed on GM corn or soybeans?’” responded in the negative (Onyango et al,,
2004). A second USA-based survey found that a large majority of Americans wanted
chickens fed GM plants to be labelled as such, a simple majority associated some health
risk with chickens ralsed on GM feed (Bernard et al., 2005).

European Union regulations presumably also preserve the consumer’s choice to avoid
GM ingredients when the GMO may be present (above a threshold limit) and in addition
to the animal that may have eaten it (p. 4 Asensio et al., 2008):

Additionally, according to Regulation (EC) 1830/2003 of the European Parliament and
of the Council, traceability requirements for food and feed produced from genetically
modifled organisms (GMOs) should be established to facilitate accurate labeling of
such products, in accordatice with the requirements of Regulation (EC) 1829/2003 on
genetically modified food and feed. Therefore, foods and food Ingredients that are to be
delivered to the final consumer in which either proteln or DNA resulting from genetic
modificatlon Is present, are subjected to additional specific labeling requirements,

However, the EU does not require labelling simply because GM feed was used (Kain,
2007, Novoselova et al., 2007).

Retailers are linking the use of GM feed with the GM status of their animal products (EU
Commission). For the United Kingdom and Ireland:
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“All of Marks & Spencer's fresh meat and poultry, salmon, shell eggs and fresh milk
comes from animals fed on a non-GM diet. The Kepak Group, which controls 60% of
Irish beef exports, requires some farmers who produce meat fot its flagship KK Club
brand to exclude the use of GM animal feed,
“All Kepak's chicken meat comes from birds reared on a vegetarian, non-GMO diet.
The Silver Pail Dairy in Co Cork has signed multi-million euro foreign direct
investment deals with Baskin Robbins (the world's largest ice-cream retailer) and with
Ben & Gerry's, to produce GM-fiee ice cream (made from milk from cows fed a
certifled non-GMO diet) for the European market,
“Tesco, Sainsburys, M&S and Budgen Stores all have quality labels for ineat and dairy
produce from livestock fed on certified GM-free animal feed. All of Marks & Spencer's
fresh meat and poultry, salmon, shell eggs and fresh milk comes from animals fed on
non-GM diet, Moreover, standard poultry sold in most UK superinarkets now carries a
{abel certifylng GM-free feed” (GMO Free Reglons).
Similar practices ave reported for Italy, France and Switzerland. TraceConsult™, which
describes itself as a consultancy, reported on 20 July 2009 that the Swedish Dairy
Association “were suddenly unable to continue their claim of supplying GMO-free milk”
due to inadvertent distribution of GM feed to member farmers (TraceConsult). According
to a translation of the Swedish agricultural business newspaper ATL, the Swedish milk
giant “Arla was informed [of the feed mix-up] earlier in the week, The company has
promised consumers that their milk is GM-free in every step. ‘Now we cannot keep that
promise, which is a concern’” (TraceConsult).

Consumers may have different and complex reasons for wishing to avoid GM ingredients
(Frewer, 2003, Novoselova et al., 2007). As the UK Food Standards Agency says: “some
people will want to choose not to buy or eat genetically modified (GM) foods, however
carefully they have been assessed for safety” (UK FSA). It is not within the brief of this
report to list or evaluate what those reasons may be. However, I also do not assume that
all consumers of this type wish to avoid GM ingredients solely because they are reacting
to the DNA that may have been used to produce GM plants, or the unique protein(s) that
those plants make. There are other associated soclal issues, agricultural technologies and
processes that are inseparable from the use of GM plants. For example, most GM
soybeans are modified to be tolerant of a commercial herbicide which, because of the
modification, may be applied directly to the GM soybeans, more frequently or at higher
doses than it could be on conventional soybeans. A consumer may be wishing to avoid
any food chain effect of the herbicide. The market-dominating herbicides and their
corresponding tolerant GM maize, cotton, oilseed rape, and soybean varieties are owned
by large multinational corporations. A consumer may wish to avold contributing to this
kind of business (Novoselova et al., 2007).

I was not asked to consider the validity of safety cleims, e.g., whether eating GM plants
poses an overall health risk to the animal or transfers a health risk to humans through the
animal, Likewlse, whether significant differences between animals fed GM-derived
substances were of ‘biologlcal significance’, or within the range of physiological
diversity seen in those species, was not considered.
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Much research in this field is meant to contribute to the formation of a judgment about
the overall similarity between GM and conventional organisius, or to detect an adverse
effect of genetic engineering or from consuming a GMO. Papers that may report
significant differences may not herald these facts in the abstract, summary or conclusion,
because the presence of significant differences was not the focus of the research exercise.
The focus of many of these papers Is on endpoints not pertinent to the matter at hand.
Conclusions of overall nutritional equivalence or efficacy, animal performance and health
do not establish or disprove the possibility that animals provided with GM feed, or in the
proximity of other animals provided this feed, are changed in a measurable way. My
purpose was to consider whether there was evidence that animals eating GM plants could
be demonstrated to be different from those that have not, in the ways outlined below,
regardless of whether any individual difference would be sufficient to cause the authors
of the research to be concerned about overall adverse effects or performance.

Does the current evidence support the contention that a consumer would be, with a high
likelihood, able to avoid ingestion of DNA, protein or other substances that might be
unique to a GM plant or its method of cultivation and processing, or able to avoid animal
physiological or immunological responses to substances unique to GM plants, through
consumption of animals raised on GM feed (Figure 1)? The answer is no.
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Figure 1. Pathways of exposure to GM plant material.

The research is clear on the following. If a consumer were avoiding the ingestion of DNA
unique to a GM plant by avoiding animals fed GM plants, then this consumer would have
a high likelihood of success purchasing meat products from animals raised on GM-free
feed. For products that are breaded or stuffed, that consumer could probably avoid




Gendora, Ltd.

exposure to the DNA unique to a GM plant if the ingredients In the breading and stuffing
wete certified organic or GM-free. If a consumer were avoiding the ingestion of proteins
or metabolites unique to GM plants, then this consumer would have a high likelihood of
success purchasing meat products from animals raised on GM-free feed, If a consumer
were avolding the ingestion of metabolites or proteins In animals that were only present,
or present at different concentrations, when the animal was fed a GM plant, then this
consumer would have a high likelihood of success purchasing meat products from
animals raised on GM-fiee feed.

A priori

Commerce Commnission investigators provided me with copies of Inghams’
advertisements. Claims in these advertisements and others [ sourced independently are
represented by the following selected quotes:

“Ingham is committed to sourcing non-GM ingredients for Its poultry feeds and uses its
best endeavours to source non-GM ingredients. Because these ingredients must meet
specific quality standards and be avallable in quantities that are economically
sustainable, Ingham chickens may sometimes consume poultry feed which could
contain GM ingredients. This does not however compromise the absolute GM-free
status of Ingham chicken products,

“Research confirms that animals that consume feed with a component of GM are no
different compared to animals that have been fed a low GM or GM fiee diet.

“Inghams meets or exceeds all regulatory guidelines, script of practice and standards in
New Zealand and Australia...As Is the case with all Inghams products, our chickens
contain no GM content and are not genetically modified.”

And

“The use of GM Soya in feed does not compromise the absolute GM-free status of the
poultry products the company produces. Animals that eat feed with a component of
GM Soya are no different to other animals that may have been fed a low GM or GM-
free diet. This position Is verified by numerous feeding studies:

(1) ‘NZ Royal Comnmission Report & Recommendations (2001)’

(it) *Federation of Animal Sclence Societies (2000) FASS Facts, On Biotech Crops -
Impact on Meat, Milk and Eggs. Savoy IL’

(ili) ‘The Royal Socisty (2002) Genetlcally modified plants for food use and human
health - an  wupdate.  Polley  document  4/02  (February)™>
(http:/fwww.inghams.co.nz/consumernz/aboutus.aspx?docld=285).

Of the documents that Inghams uses as references for its position, all are at least seven
years old, which is remarkably old in such an active area of science and intense public
interest, Inportantly, one of the three references used, The UK Royal Society’s 2002
Update, does not address the issue of what constitutes “GM free”, It mentions a few older
animal studies looking for detection of DNA in animals fed GM feed, and concludes that
“DNA present in food can find its way into mammalian cells at some low frequency” (p.
9). The document called FASS Facts which 1 sourced from the intetnet is not a scholarly
publication with references, but appears to be a brochure. I reproduce this document in
Appendix Two. The NZ Royal Commission reported in Chapter 8 (paragraphs 121-126)
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that they had heard from a variety of sources, including the predecessor of Food
Standards Australia New Zealand and a submitter from fowa State University that there
were as of 2000-1 no detectable human health issues proven to be related to the use of
GM plants as animal feed, and that under present labelling laws animals that consumed
GM plants were not considered “genetically modified”. While the Royal Commission
deliberated on the evidence of safety to humans, I could find no deliberation on the
specific issue of whether chickens or other food animals fed GM plants would constitute
the use of GM Ingredients. Their concluding paragraph on this issue was:

“Products from animals or birds fed on genetically modified pasture or stock feed do
not require assessment under Division | of Standard A18 because they are not
considered to be genetically modified, nor will they require labeling under the labelling
provistons to be implemented later this year, If is important that consumers are able to
choose to avold consuming the producits of animals and birds fed on genetically
modified feed. Where a claim that animals and birds have not been fed genetically
modified food can be sustained, labelling that identifies the product as being free of
genetic modification will be appropriate, We discuss genetic modification-free
labelling later in this chapter, Without such a label, consumers must assume that a
genetically modified food may have been used” (paragraph 126, emphasis added).

The above and the Royal Commission’s recommendation 8.2:

“that Government facilitate the development of a voluntary label Indicating a food has
not been genetically modified, contains no genetically modified ingredients and has not
been manufactured using a process involving genetic modifification [sic]”

in my opinion indicate that the Royal Commission saw that it was important to clearly
differentiate between that which was GM or raised on GM feed, from those things that
were not GM or exposed to GM feed.

Tnt sum, the references that Inghams Enterprises uses to support its claims are both out of
date and of questionable support for its policy position.

Is there evidence of DNA unlque to GM planis in animals given GM feed?

Yes, albeit that DNA is inconsistently detected. Inconsistent detection is not unusual.
Especially when the proportion of input material containing the DNA can vary from time
to time or between consignments, it would be expected that target DNA sequences in the
food chain may fall below limits of detection of present methodologies (Heinemann et
al., 2004). Inconsistency in detection is not evidence against the possibility that this
material can be found in animals, only that the absolute amounts in animals varies above
and below the detection limit (Alexandet et al., 2007, Einspanier et al., 2004, Mazza et
al,, 2005).

There are convincing demonstrations that within animals fed commercial GM plants
there can be DNA unique to those plants. Here I summarise examples of positive
detections. This is not a comprehensive survey of the literature and not balanced for
reports of no detection. For that, see Alexander et al. (2007). The focus here is on positive
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detections because the purpose of this report is to establish if the science indicates that
the DNA of GM plants can be in animal products.

Pigs

Pigs were fed on controlled diets with some groups receiving 60% GM and some
conventional maize (Chowdhury et al., 2003). DNA unique to the transgene used in GM
maize event Bt11 was detected in pig stomachs, small intestine (duodenal, ileum), rectal
and cecal contents but not In peripheral blood. Others have reported detection of DNA
unique to GM plants in the blood of pigs fed GM- but ot conventional-inaize (Mazza et
al., 2005). The first set of authors concluded that “maize DNA and GM DNA were
considered not totally degraded but rather present in a form detectable by PCR in the
gastrointestinal tract” (p. 2549 Chowdhury et al., 2003). PCR is a reaction that is used fo
amplify DNA, to increase the ability to detect it

Cows

On an estimated consumption of 24kg of dry matter per day, a dairy cow can conceivable
consume 54 pg/day of DNA unique to a GM plant (Agodi et al., 2006) and 7.4 mg of
protein unique to a GM maize plant such as MONB810 (Alexander et al., 2007). Neither
proteins nor DNA sequences uniquely from GM plants have been detected by some
researchers in the milk of cows fed for short times on GM plants (Guertler et al., 2009,
Phipps et al., 2002, Phipps et al,, 2003). However, in a survey of milk products sold in
stores in Italy, researchers found evidence of target DNA unique to GM plants in 38% of
samples, including those labelled “organic” (Agodi et al,, 2006). This indicates that
longer term animal feeding studies may be necessary in testing done with animals,
Another possible explanation for the Agodi et al. (2006) results is bacterial contamination
after milking, or contamination of the milk with feed dust after it leaves the animal.
While the DNA found in commercial milk products may or may not be the full length of
DNA fragments unique to the GM plant, their presence in commercial milk suggests that
GM ingredients could persist in animals and cross tissue boundaries or enter the food
chain in a form that the consumer could directly experience.

Fish

GM plant-specific target DNA was detected in the gastrointestinal (GI) tract of rainbow
trout fed on a defatted GM soybean variety. The target DNA was detected for up to three
days post transfer to a non-GM diet (Chainark et al., 2008). This DNA was subsequently
detected in leukocytes, head kidney and muscle. The target DNA was conflrmed to be
identical to the DNA in the GM soybeans,

Using Atlantic salmon force fed with purified (naked) DNA added exogenously to food,
Nielsen et al. (2005) showed that dietary DNA could transfer to organs. DNA was
detected in all three parts of the intestinal contents, blood, kidney and liver (Nielsen et al,,
2005). In later studies, the DNA detected in the mid-intestine was shown to be
intracellular. “The present findings demonstrate that Atlantic saimon intestinal cells are
capable of taking up foreign DNA, both dietary and naked” (p. 541 Sanden et al., 2007).
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Chickens

Using quantitative PCR the fate of DNA unique to the GM cosn Bt176 was followed in
broilers. This study found that the DNA was riot completely digested and could be
detected for various lengths of time post-consumption in the crop, proventriculus,
gizzard, small intestine (duodenum, jejnum, ileum) and finally the caeca and rectum
(Tony et al., 2003), This same group of researchers reported evidence of plant-specific
DNA in the blood, pectoral and thigh muscles, liver, spleen and kidney up to four hours
after feeding, but did not detect the DNA unique to Bt176. No further detection was
possible after 24 hours from feeding. This finding establishes that DNA can persist,
circulate and transfer to deeper tissues although any particular fragment may fall below
the detection limit.

Researchers have found plant-specific DNA on chicken meat in supermarkets (Klotz et
al., 2002). While the target was not DNA unique to a GM plant per se, “it can be
considered that an incomplete degradation of ingested DNA fragments may take place in
the Gl tract of birds, enabling the detection of residual plant gene fragments. Due to a fast
passage of feed through the GI tract of avians the appearance of DNA fragments might be
more likely than for mammals” (p. 274 Klotz et al., 2002). DNA unique to a GM plant
would be as likely to persist in animals fed GM-feed as any plant-specific DNA. These
researchers could not distinguish between several causes of DNA on the chickens,
including residual undigested DNA from feed or contamination with feed dust which was
not removed through the slaughter, preparation and packaging process (Figure 1). They
confirmed that the DNA was from an external source and not because the chickens were
genetically modified, because the target DNA was not detected in chicken embryos. For
the purposes of this report, the cause is irrelevant because whether the GM-specific DNA
Is present as a partial digestion product on the meat or whether the meat is contaminated
as a result of airborne material from GM-feed, it ultimately is on the chicken because of
the use of GM feed. :

“In summary, all results colncide with former propositions about a possible transfer of
small DNA fragments from feed into distinct farm animals. First data are now available
for pigs, and a recent report first observing forelgn DNA within various chicken organs
is supported” (p. 274 Klotz et al., 2002),

“All studies on DNA degradation in the Gl tract suggest that forelgn DNA ingested by
anlmals Is not completely degraded in ‘thelr GI tracts” (p. 380-381 Chainark et al,,
2008).

Rats

Gnotobiotic (free of intestinal microbial flora) and HFA (rats with a human intestinal
microbial flora) rats were fed on maize flour. Using a quantitative PCR technique, a
malze-specific single gene (as a surrogate for a GM-specific gene) was detected in the
upper Gl, from stomach to duodenum, and a gene maintained at multiple copies was
detected throughout the GI down to the jejunum, ileum, caecum, colon and in the faeces
(Wilcks et al., 2004),
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Sheep

The crylab toxin gene unique to GM-maize was detected by PCR of rumen juice up to 5

hours after feeding. Targeting a smaller fragment to increase the efficiency of PCR
allowed detection up to 24 hours after feeding (Duggan et al,, 2003). No DNA was

amplified from faeces,

Comment

A report from the European Food Safety Authority (EFSA) emphasised negative
detections of DNA (EFSA, 2007). A strength of their consideration on the issue of GM
feed was to consider the entire supply chain including the effects of ensilaging and
processing on the stability of DNA and proteins. They draw on a review by Flachowsky
et al, (2007), That review cites a 2003 abstract published in German describing the effects
of processing on oilseed rape DNA. This abstract apparently reported a decline in the
ability to amplify DNA specific to a variety of GM oilseed rape as it was toasted for
longer times. Nonetheless, plant-specific fragments of DNA of at least 248 nucleotide
pairs were still detected afier three toasting treatments. The most rigorous regime was a
seties of four toasting treatments from which a GM-specific DNA fragment of at least
194 nucleotide pairs could stilt be amplified. Similarly, Flachowsky et al, cite a
description of one of their own studies also published as an abstract in 2004 which
indicates that mechanical treatments had no effect on the stability of DNA from GM
maize but ensiling did (reference in Flachowsky et al., 2007), Nevertheless, a DNA
fragment of at least 194 nucleotide pairs that was diagnostic of the GM plant was still
amplified from ensiled maize after 200 days.

In one study reviewed here, GM plant-specific DNA could not be detected by PCR in the
rumen fluid of sheep whereas that DNA could be detected in grain-fed sheep (Duggan et
al., 2003). It is clearly possible that processing steps may influence the quantity of full
length DNA sequences and full size proteins available to animals,

For the purposes of this report it is not assumed, however, that the entire DNA sequence
that was modified using the techniques of modern biotechnology must be recovered to be
relevant, If the recombinant DNA material in the GM plant were 5000 nucleotide pairs in
length and an unambiguous identification of it could be made from a partially digested or
degraded fragment now of a few hundred nucleotide pairs in length, the material is not
GM-free any more than would be a plant made into a product of modern biotechnology
by the insertion of DNA that was only a few hundred nucleotide pairs in size.

Flachowsky et al. proclaim in the abstract of their review that: “[t]o date, no fragments of
recombinant DNA have been found in any organ or tissue sample from animals fed” GM
plants (p. 3 Flachowsky et al., 2007). This strong statement seems to have heavily
influenced EFSA, but is perhaps misleading. As EFSA admit, the: “DNA introduced into
crops through recombinant DNA technology is not different from other sources of DNA
in the diet” (p. 2 EFSA, 2007) and this kind of DNA has unambiguously been found in
organs and muscle. The proportion of DNA that is being targeted in studies is tiny
compared to the total dietary DNA intake by the animal. Based on estimates of dietary
DNA a cow might consume in a day (on feed with a 60% GM content), this target is only
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0,000094% (or about one 1 millionth) of dietary DNA spread over the volume of the
animal (Beever and Phipps, 2001). Thus, any detection of a specific fragment of DNA,
which is already at small concentrations in the animal, is actually dramatic evidence that
DNA is not thoroughly degraded or digested. These positive detections serve to assure us
that DNA survives degradation and digestion because single copy DNA markers can be
recovered from animals. Despite the strong statement in the abstract, the authors more
cautiously conclude their review by saying:

“However, in the case that plant DNA-fragments should be absorbed, it might be that
transgenic DNA-fragments ave also absorbed” (p. 27 Flachowsky et al., 2007).

In fact, Flachowsky et al. (their Table 27) cite four studies in which a plant-specific DNA
marker was found in animal muscle, organs, or tissues out of only seven total studies they
cite for positive detections of plant-specific DNA in animals. Even in this far from
exhaustive survey of the literature, more than 50% of the studies indicated that dietary
DNA can pass beyond the GIT of animals and it is only a matter of chance whether the
detected DNA is natural to the plant or it is recombinant (a product of modern
biotechnology). Furthermore, unlike this report their survey of the literature included
papers published only up to 2005.

In most studies in which animals were fed whole foods derived from a GM and
conventional plant, control animals and diets were used. In general, no GM-specific DNA
was detected on animals not fed material derived from GM plants. Unless there was a
breach in handling of material, there appears to be little or no likelihood that a product
derived from animals raised on conventional plants will ever have DNA from GM plants.
Thus, a consumer choosing chicken and chicken products from a supplier that does not
use GM feed could reasonably expect to avoid exposure to GM plant material.

Is there evidence of DNA unique to GM plants in the stuffing, breading or other
products sold as chicken products?

It is increasingly difficult to source maize and soya flours that are GM-free. However,
Inghams Enterprises claims that it tests these ingredients before use.

“Inghams abides by all regulations In Australia and New Zealand, regarding food
safety, labelling and packaging. It has food safety procedures in place to ensure the
integrity of all its non-GM {ngredients and monitors suppliers to ensure that this high
level of integrity Is maintained”
(hitp://www.Inghams.co.nz/consumernz/aboutus.aspx?docld=285).

Provided that this is the case, and that suppliers meet their testing obligation, then the
fevel of GM in these products should be below the labelling threshold if not GM-free.

11
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Is there evidence of proteins unique to GM plants in animals fed GM plants, or
metabolic differences in these animals?

Yes, but not in every study. This may be expected because of variations in exposure to
GM material and accumulations of protein near the limit of detection,

Pigs

Returning to the study of pigs fed on either a diet of conventional or GM malze, using
both an enzyme-linked immunosorbent assay (ELISA) and immunochromatography
researchers found In pligs peptides derived from the protein uniquely produced by the GM
maize and only in pigs fed this maize (Chowdhury et al., 2003). Fragments of the target
protein were detected in the stomach, duodenum, ileum, cecum and rectum. The
concentration of the protein in the rectal contents was only reduced 50% from the
concentration in the feed. While detected protein fragments were smaller than the target
protein, these fragments were large enough to retain the epitopes used to identify the
protein, and were on the order of half the size of the original protein (Chowdhury et al.,
2003). Epitopes are structural features of the protein to which an animal raises protein-
specific antibodies.

Cows

Studies using cows fed conventional or GM (Bt176) maize reported fragments of the
protein Cry 1 Ab, which is unique to the GM maize, in the rumen and intestinal julce and
the fragments remained detectable even in the faeces, but not in washed intestinal
epithelia tissue. This finding was based on ELISA which can overestimate the amount of
full size protein because even fragments large enough to retain a recognition epitope will
be detected. In a follow-up study using immunoblotting instead of an ELISA, the
majority and perhaps all of the positive results from ELISA were attributed to partially
digested but still large (34 of 60 kDa) protein fragments (Lutz et al., 2005),

Fish

Atlantic salmon fed on (MON810) GM maize-derived fish meal differed significantly in
several metabolites from control animals fed on the conventional equivalent meal
(Sagstad et al., 2007).

In another study, Atlantic salmon fed on GM-derived full-fat soybean meal (FFSBM) fish
food differed significantly in several metabolites from control animals fed on the
conventional equivalent meal. The GM soybeans were modified to be tolerant of the
commercial herbicide Roundup and not to alter physiological parameters in animals fed
the soybeans. Nevertheless,

“Iinjuscle protein content increased significantly with increased GM FFSBM in diet.
Also, there were some small differences in the muscle fatty acid profile between fish
fed GM compared to fish fed [non-GM] FFSBM., Fatty acid 22:6n-3 and the ratlo n-
3/n-6 in muscle increased significantly, and the sum of n-6 fatty acids decreased
significantly, with increasing GM FFSBM” (p. 563 Sagstad et al., 2008).
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The authors associated lower levels of plasma glucose and triacyl glycerol (TAG) in fish
fed on GM with higher levels of ‘anti-nutritional factors® in GM compared to non-GM
soybeans (Sagstad et al., 2008). In a subsequent study, which may have used different
varieties of GM and non-GM soybeans but from this same research group, the plasma
TAG levels were significantly higher in fish on GM meal (Sissener et al,, 2009). While
the actual differences in TAG levels were not reproducible, it is clear that in each case
fish on the GM meal had a statistically significant difference in metabolites when
compared to fish on the non-GM meal. The authors draw a different conclusion, saying
that “[t]he contradictory nature of our results [in the two studies] suggests that this is not
a “GM-effect”, but rather related to natural variations in levels of anti-nutritional factors,
antigens, metabolites or other unknown factors in the plants” such as possible herbicide
residues (p. 115 Sissener et al., 2009). '

Over the course of three publications (Sagstad et al., 2007, Sagstad et al., 2008, Sissener
et al., 2009), this research group consistently saw significant effects of GM-supplemented
meal on metabolite levels and physiological parameters. The metabolite and
physiological changes were not identical in magnitude and direction, but that is not
necessarily a contradiction to be explained. The biochemical path between exposure and
biological response has not been identified and thus there is no reason to expect that the
biological response will always be in the same direction or of the same magnitude,
especially when these studies used different species (soybean and maize), and potentially
different varieties', of GM plants.

Interestingly, these three studies were based on material supplied by the Monsanto
Company, which makes the GM plants used in these experiments. While most other
research studies reviewed tested their control diets for contamination by GM plants, there
is no mention of independent testing by this research group. It is possible that the results
are tainted by contamination, since in other studies where materials are directly sourced
from Monsanto the control diets were contaminated with GM material (for example, see
Scheideler et al., 2008, Taylor et al., 2003). Contamination of the control diet would most
likely cause an underestimation of the number and magnitude of significant differences
between diets.

Regardless of whether the consistent observation of differences in nufritionally matched
meals is due to changes in the plant’s DNA or associated agronomic or processing
technologies may not matter to the consumer who may wish to avoid any effects
associated with the use of GM plants as animal feed.

Chickens

A 2002 study funded by the Agriculture Livestock Industry Corporation found no
evidence that the protein unique to the GM maize variety called Starlink could be
detected in broiler chicks’ blood, liver or muscles (Yonemochi et al., 2002). Again,
inconsistencies in detections are not unexpected and the inconsistency of detection does

! In Sagstad et al. (2008) the variety of soybean Is not reporied. In Sissener et al. (2009) the variety of GM
soybean |s reported as event GTS 40-3-2.
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not reduce the certainty that such products are found in animals, only that the absolute
amount of the substance varies for complex reasons.

A study conducted by the Monsanto Company found that their test strips for the GM
plant-specific protein Cry3Bb1 (MON863) reacted to eggs from test chickens fed both
GM-derived feed and conventional feed, as well as eggs purchased from a local store
(Scheideler et al., 2008). Monsanto researchers interpreted this result as indicating that
the test strip was triggered non-specifically by some other substance in eggs. There is
another possibility. The same researchers admitted that the conventional feed used in the
study was contaminated with GM maize producing the unique target protein Cry3Bb1
and two of these hens also produced Cry3Bb! positive facces (Scheideler et al., 2008).
Since GM maize is so common in the USA feed supply, the supermarket eggs could also
have been derived from chickens fed GM maize. Thus, the ability of proteins unique to
GM feed to pass into eggs is not disproved by this study.

Chickens fed the GM diet had detectable fraginents of the Cry3Bb1 protein in their
faeces, large intestines, cecums, small intestines and crops (Scheideler et al., 2008).
Based on their quantifications, Monsanto estimated that 98-99% of the dietary Cry3Bbl
was digested. However, this is not to completion but to the relatively large fragments of
proteins that are still detected by antibody or polyclonal serum binding.

Comment

Importantly, in the studies mentioned above, control animals and diets were used. These
control animals were fed non-GM equivalent material (for an exception, see the flawed
study by Scheideler et al., 2008). In general, no GM-specific DNA or protein was
detected from animals not fed material derived from GM plants,

Is there evidence of physiological or immunelogical responses specific fo GM plants
in the animal?

Most evidence of physiological or immunological response comes from oral ingestion.
However, animals often breathe in feed dust which can expose the lungs to proteins
unique to the GM plant. Both exposure routes were considered,

Fish

Atlantic salmon fed on (MON810) GM maize-derived fish meal differed significantly in
the activity of catalase (CAT) and Cuw/Zn-superoxide dismutase (SOD) enzymes extracted
from [ivers as compared to fish fed conventional maize meals. CAT and SOD are part of
a biochemical pathway that reduces free radicals in cells by converting superoxide anions
into hydrogen peroxide and ultimately oxygen and water. There was significantly less
CAT and more SOD activity as measured by enzyme extracted from the liver. There was
significantly more SOD activity as measured by enzyme extracted from the distal
intestine. None of these differences was due to changes in mRNA levels for these
enzymes and thus was attributed to enzyme function (Sagstad et al., 2007).
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In addition, fish fed GM maize had a significantly higher proportion of granulocytes and
a lower proportion of lymphocytes compared to fish on conventional maize diets.

“Differential leucocyte counts showed altered proportions of white blood cell
populations, suggestive of an Immune response taking place in the blocd as a response
to the GM 1maize in the diet” (p. 210-211 Sagstad et al., 2007).

Rats and mice

Rats fed GM rice uniquely producing the Cry1Ab protein or PHA-E lectin were
monltored for allergic responses (Kroghsbo et al., 2008). Some of the most significant
changes were observed in rats on the GM diet for 90 days, where the PHA-E lectin
caused a dose-dependent increase in IgA (immunoglobulin A) levels, and the absolute
and relative weight of mesenteric lymph nodes were Increased in these animals
(references within Kroghsbo et al., 2008). Rats fed GM rice uniquely producing CrylAb
had significantly higher white blood cell counts and male rats had reduced adrenals.

Most striking, this study found an antigen (i.e., Cryl Ab or PHA-E)-specific IgG response
even in control animals (those not fed the GM rice).

“As the nasal and bronchial mucosal sites are potent sites for induction of an immune
response, the results may be explained by inhalation of particlés from the powder-like
non-pelleted diet containing PHA-E lectin or [Cry 1Ab] toxin, thereby inducing an anti-
PHA-E or anti-[CrylAb] response...These results support our assumption that the
induction of the [CrylAb]-specific antibody response in the control groups occurred
after inhalation” (p. 31 Kroghsbo et al., 2008).

Thus, exposure to GM plant material could cause immunological changes in animals
even if the material Is kept out of their food but Is used in animals contained within range
of the feed dust.

In another study in which rats were fed meal using GM or non-GM soya, there were
reported differences in plasma amylase levels between the two groups of animals.
Animals fed the GM soya had a transient depletion in zymogen granules and an increase
in pancreas acinar cell disorganisation, similar to what is observed in pancreatitis.
Zymogens are inactive enzymes that are secreted from the pancreas and activated when
needed. Their transient depletion may indicate that the cells recuperated in time. “The
results appear to indicate that rats fed on a GM diet had a pancreatic supraphysiological
stimuli of synergism with cholecystokinin (CCK); although not severe, it was sufficiently
strong to induce a mild pancreatic injury with an adaptive response” (p. 224 Magafia-
Gémez et al., 2008).

Pancreatic acinar cells were also the focus of studies involving the feeding of a GM soya
diet to mice, compared to a non-GM control soya diet (Malatesta et al., 2003). The
soybean component of both diets was 14% and the mice presumably began this diet at
weaning and were sacrificed for analysis at 1, 2, 5 or 8 months of age. Their pregnant
mothers were also fed the same diet before they were born. In this study, more fibrillar
centres (FCs) were observed in GM fed mice, and they were on average much smaller in

15




Gendora, Ltd,

GM fed mice compared to those observed in mice on the control diet. FCs are found in
the primary nuclear organelle called the nucleolus, the site of ribosome biogenesis
(Raska, 2003). The authors interpreted this as indications that in GM soya fed mice,
nucleolar activity is depressed and there could be more general effects on RNA
processing, ultimately affecting the production of some enzyines in animals on GM feed.

Hepatocytes from the liver of mice were examined after they were maintained on a 14%
GM or conventional soya diet (Malatesta et al., 2002).

“Hepatocytes are involved in numerous metabolic pathways: they metabolise and
transform most of the products of digestion, degrade and detoxify substances and
excrete them in the bile, synthesise many protein components of blood plasma and are
able to store glycogen and to release glucose, thus playing a primary role in the
maintenance of carbohydrate homeostasis” (p. 179 Malatesta et al., 2002).

Their mothers had been introduced to the saie diet (either GM or conventional) during
pregnancy. The younger mice began the diet after weaning and were sacrificed for
analysis at 1, 2, 5 or 8 months old. While gross features of the mice and liver were the
same between the groups, there were noticeable differences at the sub-cellular level. For
example, hepatocyte nuclel in GM-fed animals had irregular shapes compared to mice on
GM for less than one month and the control group throughout the study. The nucieoli of
GM fed mice were also irrégular and less cotpact, which the authors associated with a
higher metabolic rate (Malatesta et al., 2002). As above, differences in FCs were
observed. “[1]n our animals the modifications of FC size...are related to food only” (p.
{78 Malatesta et al., 2002).

In an innovative follow-up study, the mice raised from weaning to three months old on
the GM diet were given conventional soya in their food and vice versa for the
conventional control group for one additional month (Malatesta et al., 2005). Mice that
swapped a conventional for a GM soya diet had more FCs with an associated increase in
the dense fibrillar component, whereas the other group had more compact nucleoli and
fewer FCs with a pronounced granular component. The diet swapping experiment caused
the differences between the mice to reduce, indicating that the some or all effects of GM
feed may be reversible, and that the GM feed is able to Induce rapid changes even in
adults (Malatesta et al., 2005).

Male mice born of mothers fed either a 14% GM soya or conventional soya diet, and then
maintained on the parental diet following weaning uatil 2, 5 or 8 months old had
observable differences in Sertoli cells of the seminiferous tubule, spermatogonia and
spermatocytes (Vecchio et al., 2004). Sertoli cells had enlarged vesicles of the smooth
endoplasmic reticutum (SER) in GM-fed mice, There was a transient (between 2 and 8
months) increase in the size of nucleoli in GM-fed mice. Perichromatin granules were
increased, and the number of nuclear pores decreased, in both Sertoli cells and
spermatocytes of mice on a GM diet (Vecchio et al., 2004). The authors associated these
changes with a transient decrease in transcriptional activity in these cells. Transcription is
the central biochemical pathway by which RNA is made. RNA is a key co-factor in
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protein synthesis and is a catalytic component of ribosomes. Various RNA molecules
perform roles in regulating gene expression and RNA-processing reactions.

The physiological effects of GM feed observed in this study reversed by eight months of
age, except for SER dilation (Vecchio et al., 2004). The authors attributed this effect to
either persistence of hetbicide residuies uniquely on herbicide-tolerant GM soybean
varieties or an unanticipated effect of the genetic engineering itself.

Rats fed on a diet with GM-, expressing a lectin for the purpose of pest tolerance, or
conventional-potato content had significant histopathological differences. Mucosal
linings from the stomach were thicker for rats on the GM feed (or on conventional
supplemented with purified lectin). Crypt lengths of the jejunum were greater in rats on
GM potato (and not on conventional or conventional supplemented with lectin) diets
(Bwen and Pusztai, 1999).

A study originally conducted under confract to the Monsanto Company in which rats
were fed GM maize (MON863) or a control diet of conventional maize was reanalysed
by independent researchers (Seralini et al., 2007). This reanalysis found evidence for
multiple GM-feed-specific physiological changes in the liver, kidney, pancreas and bone
marrow of rats, some of which were sex-specific. Liver alkaline phosphatase and alanine
or aspartate aminotransferase activities differed by 8-23% in GM and non-GM fed rats.

The Seralini et al. (2007) study was affirmed by an Environmental Science and Research
(ESR) Ltd. analysis (Gallagher, 2007) and later by a second review of the data again
published under the same lead author but including the ESR, Ltd. author (Seralini et al.,
2009).

Sheep '

Sheep were fed on hay supplemented with GM (Bt176) or non-GM maize over a three
year period. Using a staining technique, the researchers found evidence of significantly
different levels of proliferative activation of ruminal epithelium basal cells in ewes fed
GM maize (Trabalza-Marinucci et al., 2008). “Moreover, preliminary [electron
microscopy] analyses of hepatocytes and pancreatic acinar cells revealed smaller,
irregularly shaped cell nuclei containing increased amounts of heterochromatin and
perichromatin granules (ribonucleoprotein structural components involved in transport
and/or storage of already spliced pre-mRNA)” in lambs fed GM maize (p. 186 Trabalza-
Marinucei et al., 2008).

Rabbits

New Zealand rabbits were fed either a diet supplemented with GM-soya (Roundup Ready
brand) or conventional soya (Tudisco et al., 2006). How the soya was sourced and
confirmed (as GM or GE free) was not reported. Animals on the GM soya diet had
significantly higher levels of lactate dehydrogenase (LDH), alanine aminotransferase
(ALT) and gamma glutamyltransferase (GGT) in kidneys than animals on a conventional
soya diet. LDH was also significantly elevated in heart muscle (Tudisco et al., 2006).
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Summary

Inghams Enterprises (Pty) Ltd. does use GM feed at some frequency or proportion of
total feed. It writes that this practice is consistent with its claims of using no GM
ingredients because “[1Jesearch confirms that animals that consume feed with a
component of GM are no different compared to animals that have been fed a low GM or
GM free diet.” However, whether the animals atve the same or different in terms of their
performance or safety as a result of using a particular ingredient in their preparation is not
what is at jssue. The issue is whether the use of GM feed is introducing an ingredient of
GM Into their product.

The references Inghams Enterprises uses to support its position that chickens exposed to
GM feed are the saine as chickens raised on conventional feed are uniformly very old and
either do not address this issue or in my view do not explicitly support Inghams’ claim.
The age and suitability of the reference list used to support its GM policy is not consistent
with its further claim that:

“Inghams understands that there is considerable community interest in the uses of
genetic modification and we belleve it Is Important to keep customers Informed or our
policies and relevant facts”
{http://www.Inghams.co.nz/consumernz/aboutus,aspx?docid=285).

Table 1: Animal evidence of significant positive detections,

Animal | Pig | Cow { Fish | Chickens | Rabbits | Rats | Sheep
Parameter detected and
mice
GM DNA o
GM protein
GM-induced
metabolites

GM-induced
physiological changes

GM-induced
immunological
responses

This report is enriched for positive detections of the parameters | was asked to
investigate. There is a moderately larger pool of published studies that report no effect of
GM feed on animals (e.g. Alexander et al., 2007, Flachowsky et al., 2007, Pryme and
Lembcke, 2003). It should be emphasised, however, that the number of research studies
that report no detection of physiological, immunological or metabolic effects, or absence
of DNA or protein, is about the same as the number that report detection (e.g. Table 27
Flachowsky et al., 2007). In the relatively small literature which measures these
particular parameters, there is a large proportion that reports significantly different effects
of GM and conventional feed on animals or the presence in animals of DNA and protein
unique to GM plants.
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For the purposes of this repott it is not assuned that the DNA sequence that was used to
modify the GM plant must be identical in size to the DNA subsequently found in animals,
or that any reduction in size of that DNA or its gene product(s) in the animal will make
that animal “GM-free”. If the recombinant DNA material in the original GM plant were
5000 nucleotide pairs in length and an unambiguous identification of it could be made
from a partially digested or degraded fragment now of a few hundred nucleotide pairs in
length, the material in which this detection is made is not GM-free any more than would
be a plant made into a product of modern biotechnology by the insertion of DNA that was
only a few hundred nucleotide palrs in size.

The majority of papers measuring the effects of GM feed measure endpoints, such as
animal weight, mortality, perfortmance, egg size and weight and animal rate of growth
(Flachowsky et al., 2007) that are not relevant for reasons mentioned eatlier.
Furthermore, animals fed conventional or GM feed may achieve the same endpoints and
still have individual and significant differences between them. In addition, many of these
studies do not use whole food in their testing, but instead the protein unique to the GM
plant expressed from a surrogate, usually the bacterium Escherichia coli (Pryme and
Lembcke, 2003). Tests using surrogate sources of protein may not be appropriate because
commercial animal feed is supplied as a whole food.

To attempt to argue whether animals exposed to GM plants through feed products are
different from animals only exposed to conventional feed, using a simple tally of the
number of researchers who detect or do not detect differences would be a mistake. The
inconsistency of detection as catalogued in literature reports is an indication that there is
uncertainty in what parameters to measure, what feeding regimes are most informative
(Pryme and Lembcke, 2003) and what techniques are best suited. The small number of
researchers in this field is spread over many different animals, varieties and species of
GM plants and parameters to measure, and thus differences in practitioners’ technical
expertise or knowledge of the biology, molecular biology, biochemistry and physiology
involved will be an important contributor to negative results.

The cumulative strength of the positive detections reviewed above leave me no
reasonable uncertainty that GM plant material can transfer to animals exposed to GM
feed in their diets or environment, and that there can be a residual difference in animnals
or animal-products as a result of exposure to GM feed (Table 1).
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ADDRESS:

EMAIL ADDRESS:
TELEPHONE/FAX:
CITIZENSHIP:
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U.S.A. and New Zealand

1985-1989

1980-1985
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University of Oregon, Eugene, OR, USA
B.Sc(Honours) in Biochemistry
B.Sc(Honouts) in Molecular Biology
University of Wisconsin, Madison, WI, USA
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2007-present

2003-2007
1994-2002

2001-present

1997-2000

1992-1994
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Adjunct Professor, Norwegian Institute of Gene Ecology
(GEN@K), Tromsg, Norway

Member, Biomathematics Research Centre (2001)
University of Canterbury

Biochemistry Programme Coordinator
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and MSc) students and 10 academic and technical staff)

Staff Fellow, Natlonal Institutes of Health, NIAID,
Laboratory of Microbial Structure and Function
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Spoken at about 25 international conferences (~80% at invitation), presented 4
keynote addresses and chaired 6 sessions. Served on the organising
comimittees of 5 international meetings. Referee on occasion for Applied and
Environmental Microbiology, Bioessays, Biology Letters Review, Drug
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Grants Board, New Zealand; MacQuarie, Australia; NERC and Wellcome Trust,
UK, Alzheimer’s Foundation, Danish National Research Foundation, Denmark,
Slovak Research and Development Agency, Slovak Republic). Chief organiset
of the 1999 International Osmoregulation Conference, Christchurch, New
Zealand. Organiser and Instructor of two prominent international courses:
School of Bloinformatics and Genomics Summer Course in Phylogenomics
(2003, Sweden) and International Biosafety Course (2003-continuing, Norway).

Since 1989 I have been an invited speaker at over 50 academic, governmental or
industrial institutions in 10 different countries. Recent/upcoming talks:

2008

2006

2005

2004

2004-2005
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CPIT Institute of Polytechnic, Christchurch
Dartmouth University, USA

Iberamerican University, Dominican Republic
Goteborg University, Sweden

University of Wisconsin-Madison, USA

Expert witness to Tasmanian Joint Select Committee on
Gene Technology in Primary Industries (nominated by
Hon David Liewellyn, Chair)

Invited Keynote to Feed the World Conference, London

Invited speaker, International Biosafety Symposium
Meeting of the Parties (MOP3) of the Cartegena Protocol
on Biosafety, Curitiba, Brazil

Expert reviewer, Denmark Centre of Excellence
Programme.

Expert reviewer on New Zealand Environmental Risk
Management Authority’s policy paper: Horizontal Gene
Transfer

Keynote Speaket, UNEP/GEF National Biosafety
Framework Initiative, Dominican Republic

Invited speaker, International Biosafety Symposium
Meeting of the Parties (MOP1) of the Cartegena Protocol
on Biosafety, Kuala Lumpur, Malaysia

Invited speaker, School of Bioinformatics and Genomics
Summer Course in Phylogenomics, Goteborg University,
Sweden

Executive Committee, United Nations Environment
Programme and GENOK Biosafety Capacity Building
Partnership
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2003

2002

2001

2000

1999

1997

1993

Scientific consultant to the New Zealand Parliamentary
Local Government and Environment Select Committee on
“Corngate”.

Invited Speaker, American Society for Microbiology
ICAAC conference.

Speaker: ERMANZ conference on Horizontal Gene
Transfer

Microbial Genetics Conference, Bergen, Norway

New Zealand Microbiology Society Meeting

Advisor to New Zealand Minister of Science in the
“Horizontal Gene Transfer Round Table Meeting”

Expert panel New Zealand Ministry of Health
New Zealand PGSF Biotechnology Tender Panel

University of Canterbury Representative to the NZ Royal
Commission on Genetic Engineering

Expert Panel on Antibiotic Residues for the New Zealand
Ministry of Health

Keynote speaker, The Norwegian Biotechnology
Adyvisory Board Meeting, Oslo, Norway

Adpvisor to the United States Department of Energy, under
the auspices of the American Academy of Microbiology,
for genetic modification of bacteria

POSTGRADUATE TEACHING (1995-present)

30

Experlence: Primary supervisor of 13 completed MSc theses, 12 BSc (Hons)
theses and 7 PhD theses, and associate or co-supervisor for more than 20 BSc
(Hons), MSc and PhD students since joining the University of Canterbury
(1994). My research laboratory presently has 2 PhD students and | postdoctoral
scholar.,

Achievements: My research students received 5 of the 6 poster awards in the
1996 Queenstown International Molecular Biology Meeting attended by
researchers from all over the world and uniformly represented by New Zealand
and Australian universities. Joanne Kingsbury and Tim Cooper, while PhD
students in my laboratory, won the first and second prizes, respectively, for best
research talks at the 1998 national meeting of the Microbiology and Biochemical
Societies of New Zealand. Tim was a postdoctoral scholar at Michigan State
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University and is now at Auckland University. Joanne is a postdoctoral scholar
at Duke University. Tim was subsequently nominated for the American Society
of Microbiology Sternberg Thesis Award. Gayle Ferguson, another of my PhD
students, won first prize for her talk at the Microbiology Society national
meeting In 2001 and was a postdoctoral scholar at Columbia University, New
York.

EXTERNAL TEACHING ACTIVITIES:

2009

2005

Faculty and Coordinator for the Gateways Partners
Symposia Course and Conference on (trans)gene Flow,
Tromsg, Norway

Faculty and organiser of the Solomon Islands Biosafety
Course

2003-2005 Faculty and instructor International Biosafety Course

2003-4

Principal Organiser and Instructor (2003), Gbteborg
University’s Bioinformatics summer graduate course,
Sweden

2000-present PhD examiner: 3 x University of Otago; 1x Massey; 2 x

Lincoln; 1 x Macquarie University; 1 x Dartmouth
University

MSe. examiner; 1 x Massey University, 3 x Otago
University; 1 x Macquarie University

Assessor (MSc proposals): 3 x Auckland University

Teaching experience during NIH (1990-1994), under- and post-graduate years (1980-
1989): 1990-1994 Supervisor, NIH Summer Student Program, Rocky Mountain
Laboratories, USA (resulting in a research paper in the journal Geneflcs by an
undergraduate student in 1996); 1992-2000, University of Montana USA affiliate
faculty; Guest lecturer, University of Montana, 1992-1994 “Advanced Topics in
Microbiology", (course 595) University of Montana, Department of Blology; Teaching
Assistant for Core Biology Lecture and Laboratory, Depariment of Biology, University
of Oregon, Eugene, OR, USA; Presenter, Special Project Course in Bioethics,
Department of Botany, University of Wisconsin, Madison, WI, USA.

STAFF LEADERSHIP ROLES:

31

Setving the University of Canterbury on 12 ad hoc committees in addition to
standing committees (listed below): chair of the College of Science Biosecurity
Programme Committee (2004); Science Faculty Working Committee evaluating
proposals for establishing a Department of Biochemistry (1995-6); the AUS
Workloads Committee (1996); lead workshops at the Canterbury-hosted
Education Forum (1999); and served on the AAC Subcommittee on Appeals
Procedures (2000). Since 1995, I have served on 3 and chaired 4 Search
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Committees (total of 7) for new academics. Participating in the staff mentorship
and buddy programme.

2009

2007-2008

2006-2007
2006

2005-2006

2005-2006
2002-continuing
2001-2003

2002

2000-2001

2002-2004

1996-2005

1998-2001

1996-1998

1994-1998

1994-1998

UC Academic Audit Working Group on the role of critic
and conscience of society

President, Association of University Staff (AUS)
Canterbury Branch

Canterbury representative AUS National Council
AUS National Bargaining Team

Academic Representative (elected) on the Canterbury
Branch AUS

School of Biological Sciences Research Committee
Chair, University Institutional Biosafety Committee
Departmental Supervisor of Postgraduate Studies
Unlversity Teaching and Learning Committee

Department HSNO-Biology Officer and University
representative to the HSNO Consultative Group

Department Safety Comumittee

Chair (2000), University Joint Academic Student
Grievance Cominiftee

Plant and Microbial Sciences Workload Committee

Branch Committee of the Association of University Staff
(AUS)

Plant and Microbial Sciences Curriculum Committee

Academic Supervisor of the Graduate Seminar Series

PROFESSIONAL ORGANIZATIONS:

1989-continuing
1994-continuing

1995-2002
1998-2002

32

Amerlcan Soclety for Microbiology

New Zealand Microbiology Society

New Zealand Molecular Biology Society

New Zealand Society for Biochemistry and Molecular Biology
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2002-2004 New Zealand Association of Scientists

SCIENCE and COMMUNITY':

2008: Call for Goverarnent to invest more in agricultural research, Radio New Zealand,
16.4.08. Atis to get the chop, The Dominion Post, 30.4.08. Executions and amputations
as staff protest job cuts, Westport News, 29.4.08. Restructuring goes ahead, Westport
News, 30.4.08. Plans for restructuring go shead, Gisborne Herald, 30.4.08. Claims that
GM foods are needed to avert a food crisis are rubbished, Radio New Zealand, 9.6.08;
Claims that GM crops are needed to prevent food shortages are disputed by experts,
Radio New Zealand, 9.6.08.

2007: GM Corn, 30 minute interview on RNZ Nine to Noon programme 19.7.07;
Discussion as to whether new type of genetically modified corn safe for human
consumption, RNZ (Morning Report), 7.2.07; Food safety minister asked to reject new
type of genetically modified corn, RNZ (6.00am news), 7.2.07, Minister asked to reject
GM animal feed, New Zealand Herald, 7.2,07; Lobby tries to halt feed imports,
Marlborough Express, 7.2.07, GM maize fears raised, Bay of Plenty Times, 7.2.07; Food
lobbyists: Govt must act fast to stop GE corn, Northern Advocate, 8.2.07; Academic
research under pressure, Gulf News, 15.2.07; Review of approval of genetically modified
corn for animal feed, RNZ (Checkpoint), 21.2.07

2006: The Press (Christchurch) “Gene claiins a rationale for abuse” (15 August, p. A8);
ABC Science Online “Food Regulator Criticised over new GM corn” (4 August);
Interview National Radio’s Morning Report (6 June on High Lysine Corn); Interview
National Radio’s Checkpoint (5 June on Corn Food Safety); The Press (Christchurch)
Heinemann, J.A. 5 May 2006 Perspectives article “Alarm bells over GM food approval:
part 2. Featured in New Zealand Herald 24.03.06 Company wants stockfeed GE corn
approved for people; TVNZ and TV3 interview on Frank Sin’s “gay gene”, 6 and 10 pm
news 13,03.06; Christchurch Press interview on Frank Sin’s “gay gene”.

2005: Heinemann, J.A., Bungard, R. and Goven, J. Confidence in biotechnology
requires greater commitment, 2005.3.3. Otago Daily Times p. 11,

2004: Featured on Checkpoint (National RadioNZ, 25.05.04); Speaking engagements:
March Presentation to the WEA; April Palmerston North branch of the Royal Society;
Royal Society Parliament Series; July lecturer in National Science Teachers
Conference; September Skeptics Soclety Annual Conference; Presenter in Natural
History New Zealand pilot for Discovery “Dr. Know” series.

2003; Heinemann, J.A. 9 May 2003, Economics of GE models fail to convince.
National Business Review p. 21. Presentation to University of the Third Age.
Heinemann, J.A. 25 August 2003. Food chain In NZ must be protected. New Zealand
Herald p. AlS.

2000-2: Heinemann, J.A. 2002. GE or not to be. NZ Listencr /85, 8. Interview (April
2002), Morning Programme National Radio “"Canterbury research wins international
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accolades”; and CTV (same topic). Invited speaker for the New Zealand Association for
Impact Assessment (May 2002). Instructor "Marvels and Menaces of Microscopic Life"
University of Canterbury Continuing Education Course; "Radioactive”" Wellington
Student Radio interview on antibiotic resistance; Talk on horizontal gene transfer to
Canterbury Botanical Society; Featured in news atticle by Pockley, P. 2000, New law
threatens to undermine genetics in New Zealand, Nature 406, 8; Letter to the Editor of
the Christchurch Press: “Genetlc Engineering”; Interviewed by Paul Holmes (Auckland
radio) for NewstalkZB (27 June); Radio New Zealand News interviews (30 June and 20
July); Featured in 4 news articles by the Christchurch Press on genetic engineering
regulations; Heinemann, J.A. June 2000. Open letter to Helen Clark. The Best
Underground Press — Critical Review (6), 9, 2; University of Canterbury student
newspaper CANTA atticles: “Why do students but not academics have to be world-
class?” (10 May 2000) and "Teaching is as teachers do” (17 May 2000); Heinemann,
J.A. 2000. Research hazards. New Zealand Education Review (Sept. 8, 2000, p. 9);
Heinemann, J.A. 2000, National security risk. NZ Listener (Jul 7), 7-8; interview on
horizontal gene transfer by CHTV (1 Nov.); interview National Programme Eurekal
(Nov. 26-27, 2000); Heinemann, J.A. 2001. The fate of students within our hands. New
Zcaland Education Review (Jan, 12, 2001, p. 7).

Presentations to Lions, Rotary (x2), WEA, University of the Third Age.

1999: Talk on Genetically Modified Food to the Canterbury WEA; Talk on Genetically
Modifted Food to the Probus Club; Article to University of Canterbury public relations
magazine, Canterbury Research, entitled: Are all Genes made of DNA?

1998: Talk on Genetically Modified Food to the WEA Bishopdale Community Centre;
Atticle to community magazine, City Habitat, entitled “What is a University?”; Article
to community magazine, City Habitat, entitled “Why You Don't Want to be my
Client™,

1997: Interview National Programme, New Zealand Public Radio: “Superbugs™; Article
to University of Canterbury public relations magazine, Canterbury Research, entitled:
“The Life and Times of the Undead”; Debate Plains FM, Christchurch, New Zealand:
“Risk and Ethics of Genetic Engineering”.

1995: Interview National Programme, New Zealand Public Radio: “Antibiotic
Resistance”; Advisor for a nationally ranked high school student science project
competition.

TOTAL PROFESSIONAL PUBLICATIONS: 81

Peer-Reviewed Publications (*invited): Total: 44

Journals (32)
Heinemann, J.A. and Kurenbach, B. 2008, Special threats to the
agroecosystem from the combination of genetically modified crops and
glyphosate. Third World Network Biosafety Briefing, August 2008.
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Filutowicz, M., Burgess, R., Gameli, R.L.,, Heinemann, J.A. Kurenbach, B,
Rakowski, S.A. and Shankar, R, 2008. Bacterial conjugation-based antimicrobial
agents. Plasmid 60, 38-41.

Tsuei, A.C., Carey-Smith, G.V., Hudson, J.A,, Billington, C. and Heinemann, JLA.
2007. Prevalence and numbers of coliphages and Campylobacter jejuni
bacteriophages in New Zealand foods. International Journal of Food Microblology
116, 121-125.

Silby, M.W., Ferguson, G.C., Billington, C. and Heinemann, J.A. 2007. Localization
of the plasmid-encoded proteins Tral and MobA in eukaryotic cells, Plasmid 57,
118-130.

Willms, A.R., Roughan, P.D. and Heinemann, J.A. 2006. Static reciplent cells as
reservoirs of antibiotic resistance during antibiotic therapy. Theoretical Population
Biology 70, 436-451.

Heinemann, J.A., Rosén, H., Savill, M., Burgos-Caraballo, S. and Toranzos, G.A.
2006, Bnvironment Arrays: A possible approach for predicting changes in water-
borne bacterial disease potential. Environmental Science and Technology 40, 7150-
7156.

Carey-Smith, G., Billington, C., Cornelius, A.J,, Hudson, A, and Heinemann, LA,
2006. Isolation and characterization of bacteriophages infecting Salmonella spp.
FEMS Microbiology Letters 258, 182-186.

Roy Chowdhury, P. and Heinemann, J.A. 2006. The General Secretory Pathway of
Burkholderia gladioli pv. agaricicola, BG164R, is necessary for ‘Cavity Disease’ in
white button mushrooms. Applied and Environmental Microbiology 72, 3558-
3565.

Cooper, T.F. and Heinemann, J.A. 2005. Selection for plasmid postsegregational
killing depends on multiple infection: Evidence for the selectlon of more virulent
patasites through parasite-level competition. Proceedings of the Royal Society
London Biclogical Science Series B 272, 403-410.

Heinemann, J.A. and Traavik, T. 2004, Problems in moniforing horizontal gene
transfer in field trials of transgenic plants. Nature Biotechnology 22, 1105-1109.

*Heinemann, J.A., Sparrow, A.D. and Traavik, T. 2004. Is confidence in the
monitoring of GE foods justified? Trends in Biotechnology 22, 331-336. (Featured
on AgBiotechNet www.agbiotechnet.com)

Bland, M. Ismail, S., Heinemann, J.A. and Keenan, J. 2004, The action of bismuth

against Helicobacter pylori mimics but is not caused by intracellular iron deprivation.
Antimicrobial Agents and Chemotherapy 48, 1983-1988.
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Weld, R.J., Butts, C. and Heinemann, J.A. 2004. Models of phage growth and their
applicability to phage therapy. Journal Theoretical Biology 227, 1-11.

Ferguson, G.C., Heinemann, J.A, and Kennedy, M.A. 2002, Gene transfer between
Salmonella enterica serovar Typhimurium inside epithelial cells. Journal of
Bacteriology /84, 2235-2242. (This paper was selected by ASM as the best
published in all ASM journals in April, 2002.)

Weld, R.J., Bicknell, R., Heinemann, J.A. and Eady, C. 2002. Ds transposition
mediated by transient transposase expression In Heiracium aurantiacum. Plant, Cell,
Tissue & Organ Culture 69, 45-54,

Heinemann, J.A. Alternative medicines: a clash of culture or science? 2001, NZ
College Midwives Journal 24, 23-25.

Weld, R.J., Heinemann, J. and Eady, C. 2001. Transient GFP expression in Nicotiana
plumbaginifolia suspension cells following co-cultivation with Agrobacteritm
tumefaciens: the role of gene silencing, cell death and T-DNA loss, Plant Molecular
Biology 45, 377-385.

Cooper, T.F. and Heinemann, J.A. 2000. Postsegregational killing does not increase
plasmid stability but acts to mediate the exclusion of competing plasmids.
Proceedings National Academy Sciences USA 97, 12643-12648.

Heinemann, J.A. Ankenbauer, R.G. and Amabile-Cuevas, C.F. 2000. Do antibiotics
maintain antibiotic resistance? Drug Discovery Today 5, 195-204. (Featured on
Biomednet.com)

Cooper, T.F. and Heinemann, J.A. 2000. Transfer of conjugative plasmids and
bacteriophage A occurs in the presence of antibiotics that prevent de novo gene
expression, Plasmid 43, 171-175.

Heinemann, J.A. 2000. The complex effects of gyrase inhibitors on bacterial
conjugation. Journal of Biochemistry Molecular Biology & Biophysics 4, 165-177.

Heinemann, J.A. 1999. Genetic evidence of protein transfer during bacterial
conjugatlon. Plasmid 41, 240-247.

*Heinemann, J.A. 1999, How antiblotics cause antibiotic resistance, Drug Discovery
Today 4, 72-79. (Featured on Biomednet.com)

Heinemann, J.A., Scott, H.E. and Williams, M. 1996. Doing the conjugative two-step:
evidence for recipient autonomy in retrotransfer. Genetics 143, 1425-1435.
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Heinemann, J.A., Ankenbauer, R.G. and Horecka, J. 1994, Isolation of a conditional
suppressor of leucine auxotrophy in Saccharomyces cerevisiae. Microbiology /40,
145-152.

sHeinemann, J.A. Summer, 1993. Transfer of antibiotic resistances: a novel target for
intervention. Alliance for the Prudent Use of Antibiotics (APUA) Newsletter /1,
1, 6-7.

Heinemann, J.A. and Ankenbauer, R.G, 1993. Retrotransfer of IncP plasmid R751
from Escherichia coli maxicells: evidence for the genetic sufficiency of self-
transferable plasmids for bacterial conjugation. Molecular Microbiology /0, 57-62.

Heinemann, J.A. 1993, Bateson and peacocks' tails. Nature 363, 308.

Heinemann, J.A. and Ankenbauer, R.G. 1993. Retrotransfer in Escherichia coll
conjugation: bi-directional exchange or de novo mating? Journal of Bacterlology
175, 583-588.

#Heinemann, J.A. 1991, Genetics of gene transfer between species. Trends in
Genetlcs 7, 181-185.

Heinemann, J.A. and Sprague, G.F., Jr. 1990. Transmission of plasmid DNA to yeast
by conjugation with bacteria. Methods in Enzymology /94, 187-195.

Heinemann, J.A. and Sprague, G.F, Jr. 1989. Bacterial conjugative plasmids
mobilize DNA transfer between bacteria and yeast. Nature 340, 205-209.

Reports (4)

IAASTD. 2009. Agriculture at a Crossroads: The Synthesis Report of the
International Assessment of Agrlcultural Knowledge, Science and Technology for
Development. Edited by B.D. Mclntyre, H.R. Herren, J. Wakhungu, R.T. Watson.
Island Press, Washington DC.
(htip://www.agassessment.org/index.cfm?Page=Plenary&ltemID=2713)

IAASTD. 2009. International Assessment of Agricultural Knowledge, Science and
Technology for Development. Edited by B.D. MclIntyre, H.R. Hetren, J. Wakhungu,
R.T. Watson, Island Press, Washington DC.

Heinemann, J.A. 2008. Human lactoferrin biopharming in New Zealand scientific
risk assessement. Constructive Convetsations/Korero Whakaaetanga (Phase 2).
Report no. 13,

*Heinemann, J.A. 2007. A typology of the effects of (trans)genc flow on the

conservation and sustalnable use of genetic resources. UN FAO Background Study
Paper 35 (ftp:/fip.fac.org/aglcgrfalbsplbsp3Srie.pdf).
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Book Chapters (9)
*Heinemann, J.A. and Kurenbach, B, (2009) Horizontal transfer of genes between
microorganisms. /n Encyclopedia of Microbiology (M. Schaechter, editor-in-chief,
third edition Academic Press).

*Heinemann, J.A. and Bungard, R.A. 2005. Horizontal Gene Transfer. In
Encyclopedia of Molecular Cell Blology and Molecular Medicine (Meyers R.A. ed,
second edition Wiley-VCH) p. 223-243.

Heinemann, J.A. 2004, Challenges to regulating the industrial gene: Views inspired
by the New Zealand experience, /n Challenging Science: Science and Society Issues
in New Zealand (Dew, K. and Fitzgerald, R. ed, Dunmore Press) p. 240-257.

*Ferguson, G.C. and Heinemann, J.A. 2002, A brief history of trans-kingdom
conjugation, In 2™ Ed. Horizontal Gene Transfer (M. Syvanen and C. Kado, eds,
second edition Academic Press) p. 3-17,

“Weld, R.J. and Heinemann, J.A. 2002. The horizontal tmnsfer of proteins between
species: part of the big picture or just a genetic vignette? In 2" Ed. Horizontal Gene
Transfer (M. Syvanen and C. Kado, eds, second edition Academic Press) p. 51-62.

*Heinemann, J.A. 2000, Horizontal transfer of genes between microorganisms. In
Encyclopedia of Microbiology (Joshua Lederberg, editor-in-chief, second edition
Academic Press), 698-707.

*Heinemann, J.A. 1999. Looking sideways at the evolution of replicons. In
Horizontal Gene Transfer (M. Syvanen and C. Kado, eds, first edition London:
International Thomson Publishing), pp. 11-24..

*Singh, K. and Heinemann, J.A. 1997, Yeast plasmids. Methods in Molecular
Biology 62, 113-130.

*Heinemann, J.A. 1992. Conjugation, genetics. /n Encyclopedia of Microbiology
(Joshua Lederberg, editor-in-chief, first edition Academic Press), 547-558.

Scholarly Publications (*invited) Total: 37

Books
Heinemann, J.A. 2009. Hope Not Hype. The future of agriculture guided by the
International Assessment on Agricultural Knowledge, Science and Technology for
Development. Third World Network Press (Penang).

Journals
Heinemann, J.A. 2008. Desert Grain. The Ecologist 38, 22-24,
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Kiers, B.T., Leakey, R.R.B., Izacs, A.-M., Heinemann, J.A., Rosenthal, E., Nathan,
D. and Jiggins, J. 2008, Agriculture at a crossroads. Science 320, 320-321.

Heinemann, J.A. Off the rails or on the mark? Nature Biotechnology 26, 499-500.

Heinemann, J.A. and Traavik, T. 2007, GM soybeans-revisiting a controversial
format. Nature Biotechnology 25, 1355-1356.

Heinemann, J.A. Letter to the Editor. Environmental Planning and Law Journal
24, 157-160,

Moore, B., Goven, J. and Heinemann, J. 2005. Terminator Vista, New Scientist /85,
30.

“Heinemann, J.A. and Traavik, T. 2004, Reply to Monitoring horizontal gene transfer
from transgenic plants to bacteria, Nature Blotechnology 22, 1349-1350.

Anker, P, Zajack, V., Lyautey, J., Lederrey, C., Dunand, C., Lefort, F., Mulcahy, H,,
Heinemann, J. and Stroun, M. 2004. Transcession of DNA from bacteria to human
cells in culture. A possible role for oncogenesis. Annals NY Academy Science 1022,

195-201,

#Heinemann, J.A. and Billington, C. 2004. How do genomes emerge from genes?
ASM News 70, 464-471, (This paper was selected by ASM for a special author
feature.)

Amébile-Cuevas, C.F. and Heinemann, J.A. 2004. Shooting the messenger of
antibiotic resistance: Plasmid elimination as a potential counter-evolutionary tactic.
Drug Discovery Today 9, 465-467.

*Heinemann, J.A. 2003. Ts horizontal gene transfer the Cinderella of genetics? New
Zealand Bloscience /2, 51-54.

*Heinemann, J.A. 2002. Bacterial Resistance to Antimicrobials (Review). Drug
Discovery Today 7, 758.

#Heinemann, J.A. 2002. Are DNA sequences too simple as Intellectual Property?
Reply to Williamson—Gene patents: are they socially acceptable monopolies,
essential for drug discovery? (Commentary) Drug Discovery Today 7, 23-24.

Heinemann, J.A. 2001, Gehetic scientists under siege: What next? NZ Microbiology
6, 15-17.

Heinemann, J.A. 2001, A “bias’ gene? (Commentary) BioEssays 23, 1081-1082.
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Heinemann, J.A. 2001, Can smart bullets penetrate magic bullet-proof vests? Drug
Discovery Today 6, 875-878.

“Heineiann, J.A. 2001, The art of courtship. (Commentary) Drug Discovery Today
6, 234.

Heinemann, J.A. 2001. The fate of students within our hands. (Editorlal) New
Zealand Education Review (Jan. 12, p. 7).

Heinemann, J.A. 2000. How can we build a 'knowledge economy' if research is
handcuffed? (Editorial) Nature 406, 13.

Heinemann, J.A. 2000. Research hazards. New Zealand Education Review (Sept. 8,
p. 9.

Heinemann, J.A. 2000. Funding for knowledge-sake (Letter) Drug Discovery Today
3, 222223,

*Heinemann, J.A. and Roughan, P.D. 2000. New hypotheses on the material nature of
horizontally mobile genes. Annals NY Academy Science 906, 169-187.

Adams, B. and Heinemann, J.A. 2000. Antibacterial Viruses and antibacterial agents
a one-two punch? New Zealand Medical Journal /13, 107.

Gunn, A. and Heinemann, J.A. 2000. Stealth antibiotic resistance, New Zealand
Medical Journal {73, 107.

*Heinemann, J.A. 1998. Superbugs: by killing them we have made them stronger.
New Zealand Science Monthly 9, 6-8.

Repotts
*Heinemann, J.A. 1997, Assessing the risk of interkingdom DNA transfer. In Nordic
Seminar on Antibiotic Resistance Marker Genes and Transgenic Plants. pp. 17-28.
Oslo: Norwegian Biotechnology Board.

Book Chapters
*Heinemann, J.A. and Goven, J. 2006. The social context of drug discovery and
safety testing. In Antimicrobial Resistance in Bacteria (C.F. Amébile-Cuevas, ed.,
second edition). Horizon Bioscience, 179-196.

*Heinemann, J.A, 2004. Horizontal transfer of genes between microorganisms. In
Desk Encyclopedia of Microbiology (specially selected modified version of original
2000 article appearing in the second edition of the Encyclopedia of Microbiology
Academic Press), Elsevier, Ltd. 580-588.
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“Heinemann, J.A. and Silby, M.W. 2003. Horizontal gene transfer and the selection
of antibiotic resistance. In Multiple Drug Resistant Bacteria (C.F. Amébile-Cuevas,
ed). Horizon Scientific Press, p. 161-178.

*Heinemann, J.A. 1996. Virile sensitive males resist drugs. Microbiology Australia
17,17

Other

Heinemann, J.A. 1996, M.D.s and Ph.D.s: Differences in Pay (Editorial) ASM News
62, 234-235,

*Heinemann, J.A. 1993, Review of "Materials for the Study of Variation Treated with
Especial Regard to Discontinuity in the Origin of Species” by William Bateson.
Quarterly Review of Biology 66, 429-430.

Heinemann, J.A. 1993, Differential Salary Scales (Editorial) Nature 363, 202.

Heinemann, J.A. 1993, "Doctor Old-Boy Network?" (Editorial) ASM News 59, 588-
589.

Pincus, S.H., Rosa, P.A., Spangrude, G.J. and Heinemann, J.A, 1992, The Interplay
of Microbes and Their Hosts. Inmunology Today 13, 471-473.

Heinemann, J.A. 1992, Obtaining Information on Candidates for ASM Offices
(Editorial), ASM News 58, 588.

*Heinemann, J.A. and Walsh, T.J. 1991, Cover illustration, Trends in Genetics 7,

Significant Public Submissions (*for the University of Canterbury) Total: 10
2006 Submission to Codex Alimentarius Commission on Recombinant DNA Plants

Modified for Nutritional or Health Benefits

2006 Submission to Food Standards Australia/New Zealand on A580 Food Detived

20

From Amylase-Modified Corn Line 3272 Initial Assessment Recommendation
06 Submission to Food Standards Australia/New Zealand on A549 High Lysine
Corn Draft Assessment Recommendation

2005 Submission to Food Standards Australia/New Zealand on A549 High Lysine

Corn Initial Assessment Recommendation

*2004 Submission to the Ministry of Foreign Affairs and Trade on the question of

ratifying the Cartagena Protocol on Blosafety

2004 Submission to Food Standards Australia New Zealand on application A524 Food

Derived from Herbicide-Tolerant Wheat MON 71800.

%2003 To the Education and Sclence Committee call for submissions on the New

Organisms and Other Matters Bill.

2002 To the Ministry of Science Research and Technology on the Public Discussion
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Background

‘% The term “biotechnology” has sparked controversy in recent

3

3

years. Much of the cantroversy is fueled by actlvist groups who
percelve genetic enhancement as somehow “unnatural.” There
are also concerns about introduction of genes that may produce
altergenic responses or have adverse effects on the environment.
However, blotechnology is a remarkable technology that has
produced many benefits to consumers, Unfortunately,
Americans don’t have the information they need to sort

facts from fear about this technology and its benefits,

Today's biotechnology is simply a more precise means of
doing what has been done for centurles through conventional
breeding — striving to develop crops and
foods that have desirable characteristics.
These characteristics might include
protection against insect pests, which
minimizes the need for pesticides; higher crop
ylelds; or improved nutritional properties.
Conventional plant breeding was done through trial and
ervor. Scientists could spend 10 to 15 years crossing plants and
growing them to bring out certain characteristics from the tens
of thousands of genes that each plant possesses. Oil seed rape
(the progenitor of canola) was one of the successes of this
type of crossbreeding, In fact, rapeseed ofl was an jndustrial
lubricant unfit for human consumption until canola was
genetlcally modified to become low erucic actd rapeseed ofl,
which eliminated some of its anti-nutritional properties. Today,
it 1s one of the healthiest oils on the market, Most foods
consumed today — like corn, wheat and tomatoes — are long-
term, conventional breeding success storles. And now, through
genetic modification, desirable traits can be selected and more
quickly incorporated rather than walting a decade for results.

Genes from different species are often highly related. The
same genetic material may be found in multiple species. New
genetic materlal adds selected, special characteristics to the
new plant, These special characteristics or traits benefit
everyone: both the consumer as well as the farmer.

Do Livestock Consume
Biotech Feeds?
Yes, livestock have been fed biotech
fecds since blotech crops were first
Introduced in 1996. Recently,
livestock feeds have been improved
using modern methads of agricultural
biotechnology, such as recombinant
DNA technology. The application
of recombinant DNA technology
frequently has been veferred to
as genetic modification. Crops
developed using modern methods
of agricultural biotechnology are
referred to as blatech crops as opposed to crops developed
using conventional plant breeding. Two lmportant types of
commercially available biotech crops include crops tolerant
to herbicides and crops protected against insect pests.

Both conventional and biotechnology techniques have
benefited agriculture fmmensely because they make feed more
plentifu) and affordable. When Inputs are less costly, so are the
outputs purchased by consumers: meat, mitk and eggs. In fact,
we spend significantly less of our disposable income in the
United States on food than any other natlon In the world
thanks to the successes of our agricultural system, of which
agrlcultural biotechnology is 2 key part,

Why Do Farmers Raise Biotech Crops?

Farmers raise blotech crops because they are more reliable and
profitable than conventional crops.

First, the amount of insecticide applied to insect-protected
crops Is reduced. Yields of corn, cotton and soybeans are
increased in many instances, The majority of these cost savings
are enjoyed by the grower, Overall, the cost of producing an
acre of the crop is reduced and some of these cost savings
ultimately can be passed on to the consumer.

Since seeds for biotech corn and soybeans were first sold
in the United States in 1996, farners have continued to plant
increasing acreage. More than one-half of the soybeans and
ore than one-third of the corn planted in 2000 were
biotech crops.

Farmers and Consumers Enjoy

the Benefits of Biotech Crops

Consumers have reaped the beneflts of blotech crops in the
form of higher quality products, In the future, consumers
will see expanding benefits of biotech crops as the use and
sophistication of biotechnologies grow.
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For example, a corn
called Bt corn has been
bred to be protected
against a common pest
called the European corn
borer. This results in less
damage to the corn plant
which, in turn, reduces
the infection by a fungus
that produces a mycotoxin
called fumonisin, Bt corn
varleties therefore contain
less fumonisin, Fumonisin
has been shown to be a
carcinogen in humans, so
risk of human exposure
to fumonisin from corn-
based products is being
reduced thanks to
biotechnology.

There will be many blotech crops with enhanced levels
of nutrients or other beneficial substances in the plant. For
example, “golden rice” is being developed with Increased
levels of vitamin A and iron, Golden rice could be a significant
addition to the dlet and health of many persons throughout the
world who are currently deficient in vitamin A. Other plants
will produce nutritionatly enhanced oils, or will improve the

shelf life of the food.

Are Nutrients or Anti-Nutrients

in Biotech Crops Different?

No, both the levels of nutrients and anti-nutrients in the
current biotech crops are the same as in conventional crops. As
stated above, some crops are being developed which will have
increased levels of nutrients, including feeds, like the lysine and
methionine content in corn grain, Likewlse, anti-nutrients, or
undesirable protéins, such as trypsin inhibitor in soybeans or
gossypol In cotton, are unchanged in biotech crops compared
to conventlonal crops.

Livestock feeds such as corn grain, whole-plant chopped
corn, corn stover and soybeans from the curvent biotech crops
have been compared with conventional feeds to measure any
changes in feed composition. The vesearch clearly shows that
the levels of nutrients — such as proteln, carbohydrates, fat,

., energy, amino acids, fatty acids, minerals, vitamins and other
components of blotech and conventional feeds — are substantially
equivalent and are well within the normal range of values
reported in the scientific literature.
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Are Biotech Feeds Safe for Livestock?
Yes, blotech feeds are safe for livestock. Livestock digest
and absorb nutrients from blotech feeds in the same way they
do conventional feeds. The digestive process in al} livestock
breaks down the nutritional components in feeds and uses
these nutrients for the growth and development of the animal,

In addition, livestack growth, milk production, milk
composition and health are not different, whether fed conventional
or biotech feeds. Over 30 different animal feed performance
studies have been conducted. All of these studies have shown
that corn grain or soybean meal from biotech plants performs
similarly to the grain or meal from conventional plant varietles.

Are Nutrients in Meat, NI ,/ W, 2l
Milk and Eggs Different? | W5 "%
Nutrlents in meat, mitk and eggs . -

from livestock fed biotech feeds are ¥ Sl

the same as those from livestock fed

conventional feeds. Because most

components of feeds are broken into smaller components
during digestion by the animal, plant proteins have not been
detected in milk, meat or eggs.

The introduced DNA and newly expressed protein(s) from
blotech crops have not been found in the meat, milk or eggs
from animals fed biotech crops.

Are Meat, Milk and Eggs Safe to Eat?

Yes, meat, milk and eggs (rom livestock and poultry consuming
blotech feeds are safe for human consumption. By 2020, global
protein consumption from meat, milk and eggs Is predicted to
increase dramatically, a “Livestock Revolution.” Therefore, with
blotech crops and animal food products, we will benefit the
nutrition and well-being of the world's population, especially
children in developing countries.

U.S. Government Agencies Heavily
Regulate Blotech Crops by Requiring
Extensive Field and Safety Tests

FOOD AND DRUG
ADMINISTRATION (FDA)
The FDA ensures that any human
food or animal feed derived from

¥ Y

| new plant varleties are safe to eat,
L After completion of the voluntary
' FDA consultation process, more
than 40 crops have been developed
gl for market, The FDA has recently
proposed to change the process




from voluntary to mandatory. Foods derived from biotechnology
must be labeled only if they differ significantly from their
conventlonal counterparts. For example, If the nutritional
value or the potential to cause an allergic reaction is altered,

UNITED STATES DEPARTMENT

OF AGRICULTURE (USDA)

The USDA s the ULS, government’s lead agency regulating the
safe field-testing of new biotech plant varieties, Impact on the
environment, on endangered or threatened species and on
“non-target” species are all considered,

ENYIRONMENTAL PROTECTION AGENCY (BPA)
The EPA has authority over all new pesticides, including
biotech plants, which produce thefr own protection against
pests. In declding whether to register a new blotech product,
the EPA considers human safety, impact on the environment,
cffectiveness on the targeted pest and any effects on other
endangered and threatened species.

Recently StarLink corn, which was approved only for
animal consumption, was found in human foods, The EPA now
has a policy of not approving biotech crops intended for anfmal
feeding without simultaneously approving the crops for human
use. This action is taklng precautions agalnst a recurrence ofa
StarLink situation.

Should We Label the Meat, Milk and Eggs?
FASS recognizes the significant logistical problems that labeling
Incurs for meat, poultry, egg and milk processors. FASS does
not support labeling of food derived from animals fed biotech
crop materlals because the scientific evidence consistently
Indicates that meat, milk and eggs derived from animals fed

biotech feeds ave equivalent to
products from animals fed
conventional feeds. FASS supports
food labeling that is meaningful to
the consumer and serves a specific
purpose. FASS supports food
labeling if a food product s
substantially changed in nutritional
composition or safety.

Conclusions
The Federation of Animal Science Soclettes has reviewed the

sclentific information concerning the consumption of biotech
feeds by livestock. We conclude that:

* Acceptance of biotech feeds for livestock must be based
on sound science;

*The use of biotechnology techniques will be essential
to improving agricultural plants and animal products;

* Agricultural biotechnology is capable of improving
supplies of livestock feeds and healthful animal and
plant food products;

* The safety of meat, milk and cggs Is adequately assured
by the science-based risk assessment procedures used by
government agencies and developers;

*The DNA introduced in biotech plants and the protelns
encoded by this DNA have not been detected in the meat,
milk or eggs from anfmals fed these products; and

* Meat, milk and eggs from animals fed blotech
feeds are safe for human consumption.

For more information, contact the Federation
of Animal Sclence Socleties,

The Federation of Animal Science Societies
(FASS) is a professional organization made up
of approximately 10,000 sclentists in academia,
government and industry which exists to serve
soclety through the improvement of all aspects
of food animal production. FASS represents the
combined memberships of the Amerlcan Dairy
Science Assoctation, the Amerfcan Soclety
of Animal Science and the
Poultry Sclence Association, —

Federation of
Awrimal Science
Societics




