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ABSTRACT: To investigate the impacts of transgenic rice on freshwater organisms, we conducted two life table
experiments using Daphnia magna for fifteen and twenty days, respectively. We examined life history traits such
as population growth rates (r), reproductive rates (Ro), generation times, and survivorship. In the first experiment,
we used non-drought-stressed transgenic and non-transgenic rice harvested in 2005. In the second study, we
used non-transgenic and transgenic rice harvested in 2006 following drought stress. Each experiment involved
three treatments in which D. magna neonates were fed with Selenastrum capricornutum (control treatment) and
S. capricornutum with 5% aqueous extracts of non-transgenic rice (N-T) and transgenic rice (T). In the first
experiment, D. magna showed reduced population growth rates and lowered fecundity in the N-T and T
treatments. In the second experiment, D. magna receiving both transgenic and non-transgenic rice extracts
showed very high mortality, low population growth rates and reproduction rates. We could not detect any

significant negative effects of extracts from transgenic rice on D. magna life history traits at 95%.
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INTRODUCTION

Large areas of natural wetlands have been converted for other
land uses such as urban development in South Korea. Therefore,
rice paddy fields have become important temporary wetlands, occu-
pying approximately 10% of the total area of South Korea. Rice
fields also play important roles in global biogeochemistry exchanging
significant amounts of carbon dioxide, methane and nitrous oxide
(Kanno et al. 1997, Tsuruta et al. 1997, Kimura et al. 2004). Recen-
tly, many transgenic crops have been introduced to agro-ecosystems
all over the world (Nap et al. 2003). Transgenic crops can affect
agro-ecosystems directly or indirectly through gene flow, invasions
and food web changes (Dale et al. 2002).

Recently, we have been involved in risk assessment for a trans-
genic rice line that overexpresses a trehalose-6-phosphate synthase/
phosphates (TPSP) fusion gene, potentially resulting in superior
tolerance for a variety of abiotic stresses (Seo et al. 2000). As un-
known secondary metabolites of transgenic rice may affect aquatic
food webs in rice paddy fields in addition to human health, it is
necessary to develop protocols to detect impacts of transgenic rice
on aquatic organisms (Park 2007). We conducted standard life table
experiments using Daphnia magna to detect any negative impacts
of TPSP rice on the life history traits, such as population growth
rate, generation time and survivorship, of freshwater organisms. We

selected D. magna as a model organism to assess the impacts of
transgenic rice on aquatic food webs, since Daphnia plays a central
role in aquatic food webs (Weisse and Stockner 1993, Gaedke and
Straile 1998) and has been used as a “standard” aquatic test species
for toxicological research (Feldmannova 2006, Martins et al. 2007).

Since toxicity from transgenic rice may not be easily detected by
acute toxicity tests with short exposures, we chose to conduct chro-
nic toxicity tests using D. magna. Life table experiments are among
the most comprehensive chronic toxicity tests (Tanaka and Nakani-
shi 2001), and can examine the effects of toxic substances on life
history traits such as survivorship, reproduction rates, and popula-
tion growth rates over several generations. In this study, we con-
ducted life table experiments to examine the effects of chronic ex-
posure to transgenic rice extracts on life history traits of D. magna.

MATERIALS AND METHODS

We conducted two consecutive life table experiments to inves-
tigate the effects of exposure to transgenic rice on D. magna. The
first experiment was conducted for 15 days (except for the control
treatment, which was extended to 75 days) while the second expe-
riment was conducted for 20 days. We obtained a strain of D. mag-
na from the Han-River Environment Research Laboratory and main-
tained the organisms in a growth chamber at 26°C with a 16:8 h
light: dark cycle using L16 medium (Lindstrém 1982). We collec-
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ted neonates born within a 12-hour period for the experiment. We
prepared aqueous extracts of dried and ground powder of Nakdong
(non-transgenic) rice and ABC promoter TPSP (transgenic) rice
using the extraction methods of Rice et al. (2005). For the first
experiment, we used rice harvested in October, 2005 that had not
been exposed to drought stress. For the second experiment, we used
drought-exposed rice harvested in October, 2006. We added 6 g of
rice powder to 90 mL of distilled water in a 250 mL flask and
shook the mixture at 4°C for 24 hours. The extracted solution was
then centrifuged at 100xg (3,000 rpm) for 10 minutes and filtered
through 47 mm GF/C (Whatman) and 0.45 zm nitrocellulose (Mil-
lipore) filters. We conducted three experimental treatments in which
15 neonates of D. magna were treated with Selenastrum capricor-
nutum (Control), S. capricornutum with a 5% aqueous extract from
non-transgenic rice (N-T treatment), or S. capricornutum with a 5%
aqueous extract from transgenic rice (T treatment). We chose 5%
for the extract concentration because 5% was the highest concentra-
tion that did not significantly affect algal growth as a result of
shading in preliminary experiments. Each day of the experiment, we
fed S. capricornutum produced from a chemostat (final algal con-
centration: 0.5 mg C L™) in a beaker with L16 (volume: 200 mL)
to individual D. magna, checked their length, molting, and survivor-
ship, and recorded the appearance of eggs and the number of neo-
nates produced. D. magna growth experiments usually use 0.5 mg
C L™ above incipient limiting level (ILL) as a food concentration
(Lampert 1987, Park et al. 2002). Survivorship was defined as
common logarithm of the ratio of animals alive to the initial animal
number on a given day. D. magna in the first experiment were trans-
ferred to fresh medium every three days (due to a limited supply
of extracts) while in the second experiment they were transferred
to fresh medium every day. We then estimated the population growth
rates (r), reproductive rates (Ro), generation time (T), molting
number, and age at first reproduction (AFR).

The intrinsic rate of population increase (r) for each treatment
was estimated from reproductive rates (Ro) and cohort generation
time (To):

r=Ro/ T, (1)
Te = 3xkmy [ Sl 2
RO = zlxmx (3)

Where Iy indicates the proportion of original cohort surviving to
day x and my indicates the mean number of offspring produced per
survivor on day x. We used pseudo r values generated by jack-
knifing for standard errors and statistical comparisons of population
growth rates (r) (Meyer et al. 1986, Park et al. 2003). All statistical
analyses were performed with S-Plus 6 for Windows (Insightful
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Corp., USA).
RESULTS

In the first experiment, D. magna in the control treatment out-
lived those in the nontransgenic (N-T) treatment and transgenic (T)
treatments by 60~64 days (Fig. 1). We continued our observations
of the D. magna in the control treatment to provide reference data
for other life table experiments. The mean length of D. magna in
the control treatment was 0.8 mm at 1 day old and length increased
almost linearly until the 10" day. The rate of length increase ap-
proached the maximum level of 4.4 mm by the 40" day. Daphnia
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Fig. 1. Length growth (A), survivorship (B) and cumulative Ly, (C)
of Daphnia magna in the control treatment in the first ex-
periment. Average lengths are shown at all ages. Final values
of cumulative Ikmy are equal to reproductive rate (Ro).
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magna displayed type 1 survivorship, with a dramatic decrease in
survivorship beyond the 60" day. Cumulative lymy reached 145, mea-
ning that one healthy female D. magna could produce 145 offspring
during her lifetime if supplied with enough green algae as food.

In the first experiment, the length of D. magna individuals grew
significantly more slowly in the N-T and T treatments than in the
control treatment (Fig. 2A). There was little difference in survivor-
ship of D. magna in the control, N-T and T treatments (Fig. 2B).
However, the cumulative lymy of daphniids was much lower in the
N-T and T treatments than in the control treatment. Cumulative l,m,
was slightly higher in the T treatment than the N-T treatment (Fig. 2C).
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Fig. 2. Length growth (A), survivorship (B) and cumulative l,m, (C)
of Daphnia magna in the control treatment (@), non-trans-
genic treatment (O) and transgenic treatment (w) in the first
experiment. For length of D. magna, average lengths were
shown with bars for S.E. Final values of cumulative l,m, are

equal to reproductive rate (Rq).
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In the second experiment, D. magna exhibited similar length
growth patterns, with D. magna in the N-T and T treatments growing
significantly more slowly than D. magna in the control treatment,
and no difference in growth between the N-T and T treatments (Fig.
3A). Survivorship in both the N-T and T treatment declined rapidly
after the 9" day while survivorship in the control survivorship
changed little throughout the experiment (Fig. 3B). D. magna in both
the N-T and T treatments did not produce any offspring (Fig. 3C).

We compared life history traits of D. magna in the control, N-T
and T treatment in the first and second experiments using the
Jack-knife method (Table 1 and Table 2). In the first experiment,
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Fig. 3. Length growth (A), survivorship (B) and cumulative lmy (C)
of Daphnia magna in the control treatment (@), non-trans-
genic treatment (O) and transgenic treatment (w) in the se-
cond experiment. For length of D. magna, average lengths
were shown with bars for S.E. Final values of cumulative l,m,
are equal to reproductive rate (Ro).
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D. magna in the N-T and T treatments showed much lower
population growth rates, delayed reproduction, somewhat longer
generation times and much lower reproductive rates than D. magna
in the control condition (Table 1). However, the number of molting
events did not significantly differ among animals in the control,
N-T and T treatments. D. magna in the T treatment showed similar
or slightly better performance than animals in the N-T treatment. In
the second experiment, animals in the N-T and T treatments again
showed much lower population growth rates, delayed reproduction,
and much lower reproductive rates than animals in the control
treatment (Table 2). However, we could not detect any significant
difference in life history traits between the N-T and T treatments.

DISCUSSION

This report describes one of the first studies to conduct life table
experiments using D. magna to assess the effects of chronic expo-
sure to transgenic crops on aquatic non-target organisms. We are
aware of a few additional experiments using the life table approach
for ecological assessment of transgenic crops such as transgenic
cottons using aphids (Liu et al. 2005) and transgenic maize using
thrips (Obrist et al. 2005), and an assessment of ecological risk
from acid mine drainage using life table experiments using D. pulex
(Jooste and Thirion 1999).
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Our results indicate that plant extracts from rice affected several
life history traits of D. magna, including growth rate, survivorship
and reproductive rates, but we could not detect any significant
differences between D. magna life history traits in organisms treated
with non-transgenic and transgenic rice. In fact, D. magna treated
with transgenic rice extracts appeared to show slightly better perfor-
mance than D. magna treated with non-transgenic rice extracts in
almost every life history trait examined. Therefore, we could not
detect any significant negative effects of exposure to transgenic TPSP
rice, as opposed to non-transgenic rice, on D. magna life history
traits in the present study.

In the second experiment, the TPSP rice was grown under water
stress (drought), which activates the ABC promoter to over-express
the TPSP fusion gene and possibly to promote superior tolerance
to several abiotic stressors. The ABC promoter over-expresses the
TPSP fusion gene in transgenic plants only when the plant expe-
riences stressors such as drought (Su et al. 1998). However, while
the results from the first and second experiments differed slightly,
the transgenic and non-transgenic rice treatments produced similar
results in each experiment. Therefore, we conclude that the over-
expression of the TPSP gene induced by an artificial drought did
not have any significant effect on the life history traits of D. magna
in our study. It is also important to note that the first and second
experiments employed different feeding schedules which might have

Table 1. Comparison of life history traits of Daphnia magna such as molting rates (Molting, + S.E.), rates of population increase (rj, + S.E.,
using the Jack-knife method), age at first reproduction (AFR, £ S.E.), cohort generation time (T, £ S.E., using the Jack-knife method)
and reproduction rates (Ro, + S.E., using the Jack-knife method) for the control treatment (Control), non-transgenic treatment (N-T), and
transgenic treatment (T) in the first life table experiment. Superscripts indicate results from Tukey multiple comparison tests among

Control, N-T and T treatment

Molting (d™) f(d? AFR (d) Ty Ry
Control 0.389 + 0.0185° 0.214 + 0.0057° 9.80 + 0.262° 12527 + 0.0224° 1453 + 0.180°
N-T 0.408 + 0.0340° 0.055 + 0.0012° 1230 + 0.213° 13.723 + 0.0093° 2.20 + 0.083°
T 0.367 + 0.0286° 0.104 + 0.0013 1191 + 0163 12.983 + 0.0056" 3.87 + 0.066°

Table 2. Comparison of life history traits of Daphnia magna such as molting rates (Molting, + S.E.), rates of population increase (r;, £ S.E,
using the Jack-knife method), age at first reproduction (AFR, + S.E.), cohort generation time (Tg, = S.E., using the Jack-knife method)
and reproduction rates (Ro, £ S.E., using the Jack-knife method) for the control treatment (Control), non-transgenic treatment (N-T), and
transgenic treatment (T) in the second life table experiment. Superscripts indicate results from Tukey multiple comparison tests among

Control, N-T and T treatment

Molting (d™) hod™
Control 0.363 + 0.0185° 0.345 + 0.0010°
N-T 0.217 + 0.0261° -0.125

T 0.161 + 0.0337" 0.012 + 0.0047"

AFR (d) Ty Roj
7.286 + 0.125° 12.718 + 0.0845° 80.11 + 1511°
10 10 027 + 0.019°

9.667 + 0.333" 9.712 + 0.0396" 113 + 0.045°
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affected our results. The second experiment, with everyday replace-
ment of the culture medium, showed higher mortality of D. magna
than the first experiment, which might be due to increased exposure
of D. magna to fresh rice extract, rather than to the effects of
drought treatment.

Our experiments involved some limitations which may have
affected the results. First, it is possible that we used an excessively
high concentration of rice extract in our life table experiments,
which might have masked the effects of transgenic rice. For exam-
ple, the high concentration of rice extracts might have caused D.
magna to die within 15 to 20 days due to toxicity from the rice
extracts, regardless of their transgenic status. In addition, the D.
magna in our experiments did not have enough time to produce
many offspring. Therefore, we suggest that further experiments should
be conducted to determine appropriate plant extract concentrations
to permit much longer survivorship of D. magna before conducting
additional life table experiments with transgenic rice extracts.

Developers of transgenic crops are sensitive to the publication of
studies demonstrating negative impacts of transgenic products. There-
fore, we think there may be some publication bias in favor of stu-
dies that show no significant impacts of transgenic crops. We be-
lieve that our results should not be interpreted as indicating that the
use of transgenic crops is safe. Rather, many safety issues re-
garding transgenic crops have not yet been resolved, and we should
continue to improve our tools for assessment of the risks of trans-
genic crops.

In conclusion, we showed that it was possible to use Daphnia
life table experiments to assess the chronic impacts of TPSP rice
on aquatic organisms. We also provide key baseline information on
the life history traits of D. magna fed with green algae Selenastrum
capricornutum, which may be used to assess the impacts of ex-
posure to transgenic crops.
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