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ABSTRACT
Soybean (Glycine max L.) is the world’s largest source of protein feed and the second largest
source of vegetable oil. Water restriction is the main limiting factor to achieve maximum soybean
yields. Therefore, development of varieties that maintain yield under environmental stresses is
a major objective of soybean breeding programs. The HaHB4 (Helianthus annuus homeobox 4)
gene from sunflower encodes for a transcription factor involved in the plant´s tolerance to
environmental stress. The introduction of HaHB4 in soybean led to the development of event
IND-ØØ41Ø-5 (HB4® soybean), which displayed higher yield in environments having low produc-
tivity potential, compared with the parental control variety. Compositional analyses of soybean
event IND-ØØ41Ø-5 were conducted both in Argentina and the United Sates. A total of 44
components were analyzed in grain and 9 components in forage. Based on the results of these
studies it was concluded that soybean event IND-ØØ41Ø-5 was compositionally equivalent to its
non-transgenic parental control.
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Introduction

Soybean is one of the most important crops world-
wide. Processed soybeans are the world’s largest
source of protein feed and the second largest source
of edible oil. The crop is grown on an estimated 6%
of the world’s arable land, and since the 1970 s, the
area allocated to soybean production has the highest
percentage increase compared with any other major
crop.1 Combined, soybeans and their derivatives are
the most traded agricultural commodities, account-
ing for over 10 percent of the total value of global
agricultural trade.2 At the current rates of soybean
yield increase (1.3% per year), global production
would be far below what is needed to meet projected
demands in 2050.3 Furthermore, the increasing glo-
bal population will need double the current food
production by 2050 and, at the current rate it
would achieve only ~55% of the estimated demand.3

Soybean yield is impacted by a variety of factors
including regional genetic adaptability, diseases,
insects, nutrient deficiencies, and others environ-
mental stressors. Environmental stresses can be
a major cause of yield reduction in soybean, affecting
all production areas during a growing season.1,4–6

Among the various environmental factors affecting
the performance of the crop, water restriction is the
major limitation leading to the failure to achieve
maximum yields.7,8 In addition, it has been antici-
pated that water deficit, already a serious worldwide
problem, is likely to increase as a consequence of
climate change, further reducing arable land in rain-
fall-dependent regions.9–13 Against this background,
the development of varieties that maintain yield
under the broad array of environmental stresses, in
particular under water restriction, is a major objec-
tive of soybean breeding programs.

To face environmental stress, plants have devel-
oped several response mechanisms including the
activation of a variety of genes.14 The products of
these genes are involved in self-protection to mini-
mize the immediate consequences of unfavorable
conditions as well as in adaptive response-signaling
processes. Stress tolerant soybean varieties have been
developed using conventional plant breeding meth-
ods. However, given the multigenic components
involved in both yield and response to environmen-
tal stressors,15,16 efforts to develop stress tolerant
genotypes by conventional breeding that can be
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applied across a variety of soybean production envir-
onments have met with limited success.17

Genetic engineering appears as an appropriate
approach for the genetic improvement of soybean.
Different single protein-based transgenesis
approaches have been suggested over the last years.
Among them, the expression of osmoprotectants,
chaperones, transporters, membrane proteins and
enzymes have been proposed18 but none of these
products have reached the market yet. Considering
that responses to environmental stress involve tran-
scriptional regulation of several genes, transcription
factors (TFs) appear as likely targets for engineering
crops for stress tolerance.19,20 Following this line,
some TF-based approaches have been published
but they proved to have penalties under non-
stressed conditions21 or have not reach the market
yet.22,23

The HD-Zip family of TFs, unique to the plant
kingdom,24,25 display a set of distinctive physiolo-
gical functions particularly related to developmen-
tal events in which abiotic factors generate stress.
Specifically, the expression of genes of the HD-Zip
subfamily I is regulated by external factors such as
drought, extreme temperatures, osmotic stresses,
and light conditions.24,25

Expression of the HaHB4 (Helianthus annuus
homeobox 4), a member of the HD-Zip sub-
family, provides increased tolerance to water defi-
cit when expressed in Arabidopsis.26 Consistent
with this proof-of-concept, the introduction of
the HaHB4 gene led to expression of drought
stress tolerance in wheat and soybean.27,28

Similarly, HaHB4-expresssing soybean also show
a stress-tolerant phenotype. Field performance in dif-
ferent production environments allowed the selection
of a soybean event (OECD Unique Identifier IND-
ØØ41Ø-5) which increases yield under conditions of
environmental stress with no penalty in high yield
potential areas, suggesting a tight environment depen-
dent HAHB4 regulation of the tolerance pathway.27

From a food safety perspective, several relevant
features result from the use of HAHB4 in soybean
event IND-ØØ41Ø-5. First, the source of this
protein (sunflower) has been in the food chain
for a long time and therefore has a history of safe
use. Second, HAHB4 acts as a transcriptional reg-
ulator of endogenous pathways, relaying on the
natural physiology of the plant. Therefore, no

proteins or metabolites other than those of the
natural plant are expressed in the transgenic
event. Third, being a TF, HAHB4 is expressed at
extremely low levels which makes its presence in
foods a negligible safety risk. As expected from
the low expression level of HAHB4 and from its
mechanism of action,29 the expression of this TF
did not show significant grain and forage compo-
sitional changes when expressed in transgenic
wheat.30 The soybean event presented here also
contains the bar gene from Streptomyces hygro-
scopicus, expressing the glufosinate-inactivating
enzyme phosphinothricin N-acetyl transferase
(PAT), which confers glufosinate herbicide toler-
ance. This protein has also a history of safe food
use and shown not to modify the composition of
the recipient plant.31

Assessment of the compositional equivalence
between genetically engineered crops and their non-
modified counterparts is mandatory for the food/
feed safety evaluation in the regulatory approval
process in many countries.32,33 Here, the results of
the comparative compositional assessment of soy-
bean event IND-ØØ41Ø-5 are presented.

Materials and Methods

Field Trials and Samples

Field trials were conducted in Argentina and the
United States during the 2012 and 2013 growing
seasons, at the major soybean production areas cov-
ering the diverse environmental conditions for the
crop. Six locations in Argentina (in the Provinces of
Buenos Aires, Córdoba, Entre Ríos, and Santa Fe)
and five locations in the US (in the States of Illinois,
Indiana, Iowa, Kansas, and Ohio) were chosen.
A randomized complete block designwith four repli-
cate blocks was used in each trial. Entries were soy-
bean event IND-ØØ41Ø-5, the near isogenic control
variety Williams 82, and a set of commercial refer-
ence varieties already used by farmers and adapted
for each site. These local varieties were used to esti-
mate the natural compositional variability for the
crop, giving the appropriate context for the interpre-
tation of the experimental results in terms of their
biological significance. They include: Biosoja 4.6
(Bioceres Semillas), DM 4670 and DM 4210 (Don
Mario Semillas), SRM 3970 (Sursem), FN 3.85 (FN
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Semillas), A 3731 RG andNS 4009 (Nidera Semillas),
and SPS 3900 (Syngenta) for Argentine trials.
Commercial reference varieties used in the United
States were Dow 32R280 (Dow); Pioneer 93Y82,
93Y84, 93M94, and Dupont 93Y82 (DuPont);
Asgrow (AG) 3832, Asgrow AG3931 (Monsanto);
Stine 39LD02 (Stine Seeds); DynaGro 36RY38
(DynaGro); Hoffman H38-12CR2 (Hoffman Seed
House); and NK S39-U2 (Syngenta Seeds). Forage
and grain samples were taken at R3 (early pod devel-
opment) and R8 stage (full maturity), respectively.

Statistical Analysis

The statistical analysis was conducted using SAS
software (SAS Institute, Inc., Cary, NC) with the
following model:

yijk ¼ μþ gi þ lj þ rkðjÞ þ glð Þij þ eijk

lj,iidN 0; σ2Location
� �

;rkðjÞ,iidN 0;σ2Replicate
� �

;

glð Þij,iidN 0;σ2Location,Entry
� �

; and

eijk,iidNð0;σ2PlotÞ
where yijk denotes the unique individual observa-
tion, µ denotes the overall mean, gi denotes the
mean of the ith entry, lj denotes the effect of the
jth location, rk(j) denotes the effect of the kth
replicate within the jth location, (gl)ij denotes the
interaction between the entries and locations, eijk
denotes the effect of the plot assigned the ith entry
in the kth replicate of the jth location (residual
error), ~iid N(0, σ2)indicates random variables that
are identically and independently distributed (iid)
as normal with zero mean and variance σ2.

Statistical significance for the genotypemain effect
was determined at an alpha level of 0.05 (5%) for each
of the analytical measurements. Levels for each com-
ponent in IND-ØØ41Ø-5 soybean were statistically
compared to those measures in Williams 82. Mean
values from the commercial varieties were calculated
to establish the reference range of expected local
variation. Additional reference ranges with data
encompassing numerous variables (cultivar, country,
environment) were taken from bibliography.34,35

Therefore, the biological relevance of the differences
between IND-ØØ41Ø-5 and Williams 82 were ana-
lyzed considering the natural variation provided by
both reference ranges.

Analytical Methods

Compositional analyses were conducted following
the OECD guidelines.35 Nutrients and micronutri-
ents measured in grain (total 36 analytes) included
proximates (moisture, protein, fat, ash, and carbohy-
drates), fiber (crude fiber, acid detergent fiber, ADF,
and neutral detergent fiber, NDF), minerals (calcium
and phosphorous), main fatty acids profile, vitamins
(E and K1), and amino acid composition. Nutrients
measured in forage (total 9 analytes) included prox-
imates, fiber (ADF and NDF), andminerals (calcium
and phosphorous). Anti-nutrients and other bioac-
tive compounds measured in grain (8 in total)
included isoflavones (daidzein, genistein, and glyci-
tein), stachyose, raffinose, phytic acid, lectin, and
trypsin inhibitors. All nutrients, anti-nutrients, and
bioactive compounds for Argentina locations were
measured at Melacrom Laboratories (Mercedes,
Buenos Aires, Argentina) except lectin which was
determined at Covance Laboratories (Madison, WI,
United States). All nutrients, anti-nutrients, and
bioactive compounds for locations in the US were
measured at Covance Laboratories (Madison, WI,
United States).

Proximate Analysis
Moisture was determined in grain and forage as the
weight loss of samples heated for 72 hours at 130°C
(AACC Method 44–15.02, Argentina sites) or dried
in a vacuum oven at approximately 100°C (AOAC
Methods 926.08 and 925.09, US sites). For ash con-
tent measurements, samples were incinerated in an
oven at 585°C until constant weight (AOACMethod
923.03). Total protein nitrogen was determined
through Kjeldahl analysis by digesting the sample
in sulfuric acid-copper catalyst mixture (AACC
Method 46-11A, Argentina sites) or with a similar
process but using an instrument which automates
the digestion, distillation, and titration processes
(AOAC Method 979.09; AOCS Method Ac 4–91,
US sites). The percent nitrogen was converted to
equivalent protein using a factor of 6.25. Total fat
in seeds was measured by Soxhlet extraction with
diethyl ether (AACC Method 30–20.01, Argentina
sites) or pentane (AOAC Methods 960.39 and
948.22, US sites). Total fat in forage was determined
by first hydrolyzing the sample with hydrochloric
acid, followed by extraction using ethyl ether and
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hexane (AOAC Methods 922.06 and 954.02, US
sites). Carbohydrates were calculated from the prox-
imate analysis as the difference in percent weight
using the following equation:

% carbohydrates¼ 100%

� % proteinþ% fatþ%moistureþ% ashð Þ

Acid Detergent Fiber (ADF)
The method used for samples from Argentina
sites was AOAC Method 973.18. An acidified
quaternary detergent solution was used to dis-
solve cell-solubles (hemicellulose and soluble
minerals) leaving a residue of cellulose, lignin,
damaged protein and a portion of cell wall pro-
tein, and minerals (ash). ADF was determined
gravimetrically as the residue remaining after
extraction with acetone (AOAC Method 973.18,
Argentina sites). In the US, samples were placed
in filter bags where fats and pigments are first
extracted by acetone and then placed in an
ANKOM Fiber Analyzer where the protein, car-
bohydrate, and ash contents were dissolved by
boiling acidic detergent solution. Acid detergent
fiber was determined gravimetrically after drying
the residue.

Crude Fiber
Weighted samples were defatted by Soxhlet
extraction and digested with sulfuric acid. The
residue was then filtered, washed and digested
with sodium hydroxide. The remaining residue,
containing cellulose and lignin, was dried and
weighed again. Crude fiber was calculated as the
weight loss on ignition (AACC Method 32–10.01,
Argentina sites). Crude fiber from US samples
was quantified as the loss on ignition (2–3 hours
at 600ºC) of the dried residue remaining after
digestion of the samples with 1.25% sulfuric acid
and 1.25% sodium hydroxide solutions (AOAC
Method 962.09).

Neutral Detergent Fiber
Samples were defatted by Soxhlet extraction, dried
and washed with a neutral detergent solution.
Extracted sample was rinsed with acetone to remove
fat and pigments and the remaining residue was
dried (AOAC Method 973.18, Argentina sites). An
enzyme method was used for samples generated at

US sites. Fats and pigments were removed by an
acetone wash from samples placed in filter bags. The
filter bags were placed in an ANKOM Fiber
Analyzer where the protein, carbohydrate, and ash
content were dissolved in a boiling detergent solu-
tion at a neutral pH. Starch was removed via an
alpha amylase treatment. Hemicellulose, cellulose,
lignin, and insoluble protein fraction that were left
in the filter bag were determined gravimetrically
(AACC Method 32.20.01).

Minerals
Following conversion of the material into ash in
a 500°C oven, residues were dissolved in nitric
acid and analyzed by Inductively Coupled Plasma
(ICP) emission spectroscopy. Minerals concen-
trations was determined by reading at 3179 Å
and 2149 Å for calcium and phosphorus, respec-
tively (AOAC Method 985.01, Argentina sites).
AOAC Methods 984.27 and 985.01 were used
for samples generated at US Sites. Samples were
ashed overnight at 500°C, and then re-ashed with
nitric acid, treated with hydrochloric acid, taken
to dryness, and put into a hydrochloric acid solu-
tion. The amount of each element was deter-
mined by ICP emission spectrometry.

Vitamin E
Oil from soybean grains was extracted (Soxhlet)
using hexane supplemented with butylated
hydroxytoluene (BHT) to prevent oxidation.
Alpha-tocopherol was quantified by HPLC and
fluorescence detection (excitation 290 nm, emis-
sion 330 nm). For samples generated at US sites,
samples were saponified to release vitamin
E. The saponified mixtures were extracted with
ethyl ether and tocopherols quantified by HPLC
(AACC Method 86–06).

Vitamin K1
Samples were prepared by the addition of dimethyl
sulfoxide and extraction with multiple portions of
hexane. The combined hexane extracts were concen-
trated and reconstituted in dichloromethane and
methanol. Analysis was done by reverse phase HPLC
to separate the cis- and trans- vitamin K isomers.
A post-column reduction assembly was used to pro-
duce a fluorescent derivative with detection at an
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excitation wavelength of 243 nm and emission at
430 nm (Method USP 35-NF30 2012).

Fatty Acids Profile
Fat obtained from samples as described above
was dissolved in hexane and saponified with
potassium hydroxide in methanol. The fatty
acid methyl esters (FAMEs) were analyzed by
gas chromatography (AOAC Method 996.06,
Argentina Sites). For samples generated at US
sites, lipids were extracted, saponified with
sodium hydroxide and esterified with boron tri-
fluoride in methanol. The resulting FAMEs were
extracted with heptane and analyzed by gas
chromatography (AOCS Methods Ce 2–66 and
Ce 1i-07).

Amino Acid Composition
After protein hydrolysis with 6 N hydrochloric
acid, the amino acids were determined by deriva-
tization with fluorenyl-methyl-oxycarbonyl chlor-
ide (FMOC-Cl) for proline and with ortho-
phthalaldehyde/mercaptoethanol (OPA/ME) for
the other amino acids. Amino acids were isolated
and quantified using HPLC with a fluorescence
detector and acetonitrile/water as organic and aqu-
eous phase, respectively36 (Argentina sites).
Samples from US sites were hydrolyzed with 6 N
hydrochloric acid with phenol added to prevent
halogenation of tyrosine. Cystine and cysteine
were converted to S-2-carboxyethylthiocysteine
by the addition of dithiodipropionic acid. For the
separated determination of tryptophan, proteins in
the sample were hydrolyzed by heating in sodium
hydroxide solution (AOAC Method 988.15).
Samples were analyzed by HPLC after pre-
injection derivatization with OPA and FMOC-Cl
as indicated above.36

Isoflavones Analysis
Grain samples were extracted with methanol/water
(80:20, v/v) and heated at 65°C for 2 hr. The suspen-
sion was centrifuged and concentrated HCl was
added to an aliquot of the supernatant. Aglycone
content in the solution was analyzed by HPLC
using an LC-ESI-MS/MS system with a tandem
quadrupole detector (TQD). Targeted isoflavones

quantified were Daidzein, Glycitein and Genistein
(AOAC Official Method 2001.10).

Lectin
The binding properties of soybean agglutinin (SBA,
lectin) to N-acetylgalactosamine were utilized in an
enzyme linked indirect sandwich assay.37

Phytic Acid
Samples were extracted with trichloroacetic acid
and centrifuged. A ferric chloride solution was
added to an aliquot of the supernatant and boiled
for phytate precipitation. Precipitate was dis-
solved in nitric acid, washed, diluted and potas-
sium thiocyanate was added. The phytate ferric
salt was measured colorimetrically at 480 nm.
The phytate concentration was calculated using
a 4:6 iron:phosphorus molar ratio38 (Argentina
sites). Samples generated at US sites were
extracted using hydrochloric acid and sonication,
purified using a silica-based anion exchange col-
umn, concentrated and injected onto a HPLC
system with a refractive index detector.39

Raffinose and Stachyose
Ground material was extracted with methanol,
centrifuged, and the extracted sugars were col-
lected. The procedure was repeated, and the
supernatants combined and dried under vacuum.
The product was dissolved in acetonitrile:water
and analyzed by HPLC. The oligosaccharide con-
tent was measured with a refractive index
detector40 (Argentina Sites). For samples gener-
ated at US sites, sugars in the samples were
extracted with a water:methanol solution.
Aliquots were dried and reconstituted with
a hydroxylamine hydrochloride solution in pyri-
dine containing phenyl-ß-D-glucopyranoside as
the internal standard. The resulting oximes were
converted to ester trimethylsilyl (TMS) deriva-
tives, and then analyze by gas chromatography
using a flame ionization detector.40

Trypsin Inhibitors
Ground defatted (hexane extracted) samples were
extracted with sodium hydroxide solution. Multiple
dilutions and known amounts of trypsin and the sub-
strate benzoyl-DL arginine-p-nitroanalide (BAPA)
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hydrochloride were added, incubated, and quenched
with acetic acid. The absorbance at 410 nm was mea-
sured in the filtered samples (AOCS Method Ba
12–75).

Results

Comparison of grain contents of proximates, ADF,
NDF, crude fiber, minerals and vitamins has shown
only one (Vitamin K1) statistically significant dif-
ference between the soybean event IND-ØØ41Ø-5
and the near-isogenic control variety Williams 82
(Table 1). However, the value for the event was
within the range reported in the literature.34,35

Significant differences were not found
between the event IND-ØØ41Ø-5 and the con-
trol soybean for any of the six fatty acids mea-
sured (Table 2).

Analysis of the amino acids profile has
shown only one (cysteine) statistically signifi-
cant difference between the event IND-ØØ41Ø-
5 and the non-transgenic control line Williams
82 (Table 3). However, the value for both gen-
otypes fell within the range provided by both
the reference varieties and the literature.34,35

Data of the levels of anti-nutrients and other
bioactive components showed five significant
differences between soybean IND-ØØ41Ø-5
and Williams 82. These include phytic acid,
stachyose, and the three isoflavones (Table 4).
However, the values of all these analytes in
IND-ØØ41Ø-5 soybean were within the range
of the commercial reference varieties (Table 4).

No significant differences between IND-
ØØ41Ø-5 and Williams 82 were found for the
levels of any of the 9 analytes measured in forage
(Table 5).

Table 1. Proximates, fiber, minerals and vitamins of soybean grain.

Componenta
IND-ØØ41Ø-5 Mean (SE)

(Range)
Williams 82 Mean (SE)

(Range) Commercial Reference Rangeb Literature Rangec

Ash 5.69 (0.05)
(5.20–6.36)

5.68 (0.05)
(5.03–6.42)

4.83–6.35 3.9–7.0

Carbohydrates 35.84 (0.35)
(32.27–41.52)

35.19 (0.38)
(32.16–40.97)

31.46–38.11 29.6–50.2

Moisture 9.46 (0.18)
(7.05–11.6)

9.28 (0.18)
(7.41–11.6)

7.78–11.82 4.7–34.4

Protein 39.03 (0.30)
(34.58–42.74)

39.78 (0.24)
(36.49–43.93)

36.60–43.10 33.2–45.5

Total Fat 19.98 (0.19)
(17.55–21.80)

19.56 (0.28)
(15.90–22.48)

16.60–21.64 8.1–23.6

Acid Detergent Fiber 12.51 (0.40)
(6.69–16.0)

12.99 (0.34)
(9.18–18.3)

10.50–17.77 7.8–18.6

Neutral Detergent Fiber 16.88 (0.27)
(14.30–21.23)

16.83 (0.23)
(13.80–21.16)

14.10–18.07 8.5–21.3

Crude Fiber 7.35 (0.44)
(3.21–12.50)

7.74 (0.40)
(4.66–13.20)

4.61–13.60 4.12–18.5 d

Phosphorus 0.56 (0.01)
(0.35–0.69)

0.57 (0.01)
(0.38–0.68)

0.36–0.61 0.50–0.94

Calcium 0.26 (0.01)
(0.20–0.37)

0.25 (0.01)
(0.18–0.35)

0.20–0.31 0.12–0.31

Vitamin E 1.87 (0.06)
(0.11–2.78)

1.81 (0.07)
(0.95–2.93)

1.37–3.13 0.19–6.17

Vitamin K1 0.38 (0.02) *
(0.31–0.91)

0.43 (0.02)
(0.31–0.61)

0.44–0.85 0.06–1.76 d

Numbers represent mean of 44 values measured in samples from field trials developed during 2012–2013 in 11 different locations,
except for vitamin K1, which was only measured in the 20 samples from the 5 US trials.

aResults are expressed as % dry weight, except for moisture (% fresh weight), vitamins E (mg/100 gr dwt) and K1 (mg/kg).
bValues measured in commercial varieties grown in the same trials.
cILSI values within OECD35,unless otherwise indicated.
dILSI Crop Composition database V7.0.34

SE: standard error of the mean.
*Significant difference (p < .05).
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Discussion

Comparison of grain and forage composition
between the transgenic event and the control
demonstrated that the levels of most of the
nutrients, micronutrients, anti-nutrients and
other bioactive compounds were similar. In the
few cases in which there were statistically sig-
nificant differences between the event and the
control, levels measured in IND-ØØ41Ø-5 soy-
bean were either within the range of the refer-
ence varieties and/or the values reported in the
literature, revealing that these differences were
within the natural compositional variability of
soybean.

Only few significant differences between IND-
ØØ41Ø-5 soybean and its parental non-transgenic
line Williams 82 were found. Particularly, some of
the anti-nutrient (Table 4) showed an increase
level in IND-ØØ41Ø-5 soybean when compared
with the parental control Williams 82. These anti-
nutrients, phytic acid, stachyose and the isofla-
vones, belong to 3 distinctive groups of com-
pounds with quite different chemical structures,
biosynthetic pathways, functions and modes of
action. Therefore, it seems difficult to formulate
a hypothesis implying an increase of all these anti-
nutrients as a concerted, upregulated response
associated to HAHB4 or PAT proteins expression.
Moreover, considering that the levels of all

these anti-nutrients in IND-ØØ41Ø-5 are within
soybean natural variability, these differences would
not have biological significance but still support
the conclusion of the compositional equivalence of
the transgenic event with conventional soybean.

When analyzed within the context of the nat-
ural variability provided by the commercial vari-
eties cultivated along in the test sites and the
range of values reported in the literature, it can
be concluded that the transgenic event IND-
ØØ41Ø-5 is compositionally equivalent to con-
ventional soybean.

Table 2. Fatty acid profile of soybean grain.

Componenta

IND-
ØØ41Ø-5
Mean (SE)
(Range)

Williams 82
Mean (SE)
(Range)

Commercial
Reference
Rangeb

Literature
Rangec

Palmitic acid 2.17 (0.03)
(1.82–2.88)

2.12 (0.03)
(1.74–2.61)

1.76–2.52 0.67–2.78

Stearic acid 0.85 (0.01)
(0.68–1.02)

0.84 (0.01)
(0.62–1.06)

0.61–1.15 0.28–1.13

Oleic acid 4.31 (0.07)
(3.35–5.25)

4.46 (0.10)
(3.03–5.37)

2.86–5.52 1.36–6.56

Linoleic acid 10.85 (0.10)
(9.51–12.40)

10.43 (0.14)
(8.62–12.31)

8.33–11.72 3.46–13.36

Linolenic
acid

1.42 (0.02)
(1.14–1.87)

1.37 (0.02)
(1.04–1.69)

1.20–1.66 0.30–2.19

Arachidic
acid

0.06 (0.00)
(0.04–0.09)

0.06 (0.00)
(0.03–0.11)

0.03–0.07 0.02–0.11

Numbers represent mean of 44 values measured in samples from field
trials developed during 2012–2013 in 11 different locations.

aResults are expressed as % of dry weight.
bValues measured in commercial varieties grown in the same trials.
cILSI values within OECD.35

SE: standard error of the mean.

Table 3. Amino acid composition of soybean grain.

Componenta

IND-ØØ41Ø-
5 Mean (SE)
(Range)

Williams 82
Mean (SE)
(Range)

Commercial
Reference
Rangeb

Literature
Rangec

Alanine 1.85 (0.02)
(1.57–2.14)

1.86 (0.02)
(1.65–2.17)

1.63–2.10 1.51–2.10

Arginine 2.83 (0.04)
(2.43–3.22)

2.96 (0.02)
(2.57–3.19)

2.67–3.27 2.28–3.4

Aspartic Acid 4.51 (0.04)
(4.04–5.07)

4.56 (0.04)
(4.04–5.08)

4.17–4.91 3.81–5.12

Cysteine 0.55 (0.01) *
(0.43–0.66)

0.59 (0.01)
(0.52–0.67)

0.49–0.62 0.37–0.81

Glycine 1.73 (0.01)
(1.59–2.00)

1.69 (0.01)
(1.53–1.83)

6.28–7.41 1.46–1.99

Glutamic Acid 7.00 (0.05)
(6.33–7.72)

6.97 (0.05)
(6.20–7.56)

1.58–1.79 5.84–8.20

Histidine 1.00 (0.01)
(0.85–1.19)

1.01 (0.01)
(0.84–1.13)

0.90–1.10 0.87–1.17

Isoleucine 1.77 (0.02)
(1.50–1.95)

1.83 (0.01)
(1.63–1.95)

1.60–1.87 1.53–2.07

Leucine 3.02 (0.02)
(2.62–3.30)

3.02 (0.02)
(2.70–3.26)

2.80–3.15 2.59–3.62

Lysine 2.20 (0.05)
(1.68–2.60)

2.33 (0.02)
(1.99–2.61)

2.14–2.59 2.28–2.83

Methionine 0.52 (0.01)
(0.44–0.60)

0.52 (0)
(0.44–0.57)

0.45–0.55 0.43–0.68

Phenylalanine 1.96 (0.02)
(1.56–2.18)

1.99 (0.02)
(1.67–2.19)

1.77–2.20 1.63–2.34

Proline 2.00 (0.02)
(1.69–2.37)

2.01 (0.02)
(1.70–2.30)

1.85–2.29 1.68–2.28

Serine 1.94 (0.02)
(1.64–2.33)

2.03 (0.01)
(1.78–2.24)

1.80–2.19 1.10–2.48

Threonine 1.54 (0.02)
(1.30–1.69)

1.50 (0.02)
(1.34–1.71)

1.35–1.64 1.14–1.86

Tryptophan 0.50 (0.01)
(0.34–0.61)

0.52 (0.01)
(0.40–0.62)

0.41–0.60 0.36–0.50

Tyrosine 1.38 (0.03)
(1.04–1.63)

1.39 (0.03)
(1.03–1.62)

1.03–1.61 1.01–1.61

Valine 1.83 (0.02)
(1.60–2.07)

1.88 (0.01)
(1.69–2.17)

1.71–2.10 1.59–2.20

Numbers represent mean of 44 values measured in samples from
field trials developed during 2012–2013 in 11 different locations.

aResults are expressed as % of dry weight.
bValues measured in commercial varieties grown in the same trials.
cILSI values within OECD.35

SE: standard error of the mean.
*Significant difference (p < .05).
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Table 4. Anti-nutrients and isoflavones composition of soybean grain.
Componenta IND-ØØ41Ø-5 Mean (SE) (Range) Williams 82 Mean (SE) (Range) Commercial Reference Rangeb Literature Rangec

Phytic acid 1.67 (0.10)*
(0.62–3.09)

1.35 (0.04)
(0.68–1.88)

0.54–1.69 0.63–1.96

Lectins (mg/g) 4.78 (0.13)
(2.43–6.34)

4.73 (0.15)
(3.02–7.03)

1.29–6.09 0.11–9.04

Raffinose 0.88 (0.03)
(0.55–1.39)

0.85 (0.02)
(0.70–1.09)

0.64–1.20 0.21–0.66

Stachyose 3.77 (0.07)*
(2.50–4.85)

3.39 (0.08)
(2.27–4.32)

2.56–4.76 1.21–3.50

Trypsin Inhibitord 35.04 (1.78)
(18.60–60.30)

33.46 (1.60)
(19.30–56.10)

18.60–56.1 19.59–118.68

Daidzein 1240 (53)*
(497–1870)

1086 (48)
(462–1700)

533 – 2150 60.0–2453.5

Genistein 1402 (64)*
(518–2130)

1282 (61)
(515–2060)

671 – 2290 144.3–2837.2

Glycitein 276 (11)*
(133–412)

239 (8)
(123–344)

126 – 344 15.3–310.4

Numbers represent mean of 44 values measured in samples from field trials developed during 2012–2013 in 11 different locations.
aResults are expressed as % of dry weight, except for lectins (mg/g), trypsin inhibitor units (TIU/mg dwt) and isoflavones (ppm dwt).
bValues measured in commercial varieties grown in the same trials.
cILSI values within OECD.35
dTIU = trypsin inhibitor units.
SE: standard error of the mean.
*Significant difference (p < .05)

Table 5. Proximates, fiber and minerals of soybean forage.
Componenta IND-ØØ41Ø-5 Mean (SE) (Range) Williams 82 Mean (SE) (Range) Commercial Reference Rangeb Literature Rangec

Ash 9.12 (0.28)
(6.43–15.90)

9.04 (0.37)
(6.50–20.50)

6.96–19.10 6.71–10.78

Carbohydrates 49.76 (2.69)
(30.43–75.40)

50.54 (2.67)
(30.72–77.30)

32.40–73.90 27.8–80.6

Moisture 76.72 (0.72)
(65.31–85.50)

76.94 (0.67)
(65.32–85.60)

64.30–84.20 73.5–81.6 d

Protein 20.85 (0.44)
(14.80–26.90)

20.68 (0.48)
(13.70–29.20)

15.60–24.70 14.37–24.71

Total Fat 2.46 (0.13)
(1.15–4.70)

2.47 (0.12)
(1.32–4.33)

1.38–3.48 1.30–5.13

Acid Detergent Fiber 33.08 (0.65)
(24.50–42.50)

33.17 (0.55)
(27.30–41.20)

20.30–36.78 12.85–64.10 d

Neutral Detergent Fiber 41.64 (1.01)
(29.50–52.40)

41.87 (0.98)
(26.30–53.70)

25.60–52.30 19.26–82.00 d

Phosphorus 0.25 (0.01)
(0.20–0.35)

0.26 (0.01)
(0.18–0.35)

0.21–0.37 NA e

Calcium 1.21 (0.02)
(1.03–1.56)

1.26 (0.03)
(0.96–1.58)

0.97–1.51 NA

Numbers represent mean of 44 values measured in samples from field trials developed during 2012–2013 in 11 different locations.
aResults are expressed as % dry weight, except for moisture (% fresh weight).
bValues measured in commercial varieties grown in the same trials.
cILSI values within OECD35,unless otherwise indicated.
dILSI Crop Composition database V7.0.34
eNot available.
SE: standard error of the mean.
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