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The effects of transgenic Bacillus thuringiensis (Bt) cotton on non-target Aphis gossypii were assessed 
by comparing the life-table parameters of aphids that fed on Bt vs. non-Bt cotton cultivars for the first 
and 37th generations. The enzyme-linked immunosorbent assay (ELISA) method was used to detect the 
transmission of the Bt protein from Bt cotton to A. gossypii and their honeydew. We found that the 
life-table parameters of A. gossypii that fed on Bt cotton for the first and 37th generations did not differ 
significantly from those of the non-Bt-fed individuals. However, the Bt protein was detected by ELISA in 
the Bt cotton leaves, and the content varied significantly at different growth stages. Furthermore, trace 
amounts of the Bt protein were detected in some of the Bt-fed aphids, and the honeydew of the Bt-fed 
aphids contained over 10 ng/g Bt protein. These results indicate that although trace amounts of the Bt 
protein were ingested, the Bt cotton had no significant negative impacts on A. gossypii in either the 
short or long term. 
 
Key words: Transgenic Bacillus thuringiensis cotton, Aphis gossypii, Bacillus thuringiensis detection, life-table 
parameters, multiple-generation, non-target effects. 

 
 
INTRODUCTION  
 
Since the first commercial release of transgenic crops 
containing Bacillus thuringiensis (Bt) genes, their use has 
increased substantially worldwide (James, 2011). Despite 
the fact that Bt sprays are considered safer and 
transgenic Bt crops are more friendly to natural enemies 
and non-target pests over conventional broad-spectrum 
insecticides (Hilbeck, 2001; Way and van Emden, 2000; 
Meissle and Lang, 2005; Naranjo, 2009; Romeis et al., 
2006), there are still concerns about their potential 
impacts on the environment and on non-target organisms 
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 (O'Callaghan et al., 2005; Virla et al., 2010; Duan et 
al.,2010). In particular, the continuous expression of the 
insecticidal protein in most tissues of transgenic Bt plants 
during the growing season has raised concerns regarding 
the possible effects on various groups of non-target 
organisms with ecological and economic values 
(Wolfenbarger et al., 2008; Howald et al., 2003; Romeis et 
al., 2008; Meissle and Romeis, 2009; Li and Romeis, 
2010). There have been several reports of significant 
quantities of Cry1Ab endotoxin present in non-target 
herbivores that have fed on transgenic Bt plants (Dutton 
et al., 2002; Harwood et al., 2005, Harwood and Obrycki 
2006; Howald et al., 2003; Obrist et al., 2005, 2006; 
Burgio et al., 2011). Furthermore, biological modifications 
such as longevity (Ponsard et al., 2002) and survival, 
developmental times and larval weights (Vojtech  et  al.,  
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2005) in non-target insects have been reported as a result 
of exposure to Bt cultivars. However, the general opinion 
is that Bt crops have no direct effects on non-targets 
(Romeis et al., 2006). 

Aphids play important role in agricultural systems since 
they serve as prey or host to a number of predators and 
parasitoids and their honeydew is an important energy 
source for several arthropods. Analyses of the impact of 
transgenic plants expressing Cry toxins on aphids gave 
variable results ranging from minor negative effects on 
aphid survival and fecundity to significant beneficial 
effects on aphid populations (Ashouri, 2004a, b; Ashouri 
et al., 2001; Burgio et al., 2007; Faria et al., 2007; Lawo et 
al., 2009; Mellet and Shoeman, 2007; Raps et al., 2001). 

The cotton aphid, Aphis gossypii Glover (Homoptera: 
Aphididae), is a key pest on cotton that causes severe 
damage to crops worldwide, and the reported effects of Bt 
cotton on A. gossypii are not consistent.  

A previous greenhouse study addressing the 
performance of A. gossypii on Bt and non-Bt cotton plants 
showed a variation in some life-table parameters among 
three consecutive generations (Liu et al., 2005). On the 
other hand, Lawo et al. (2009) concluded that plant 
transformation did not have any influence on aphid 
performance and none of the aphid life-table parameters 
was influenced by the expression of the Bt protein; other 
studies comparing aphid populations in Bt and non-Bt 
cotton fields gave inconsistent results. Some studies 
recorded no difference in aphid populations (Bambawale 
et al., 2004; Mellet and Shoeman, 2007; Zhang et al., 
2008), others found either increased (Cui and Xia, 2000; 
Deng et al., 2003) or decreased aphid densities (Wu and 
Guo, 2003) in the Bt cotton. Men et al. (2004) have 
indicated that the effects of Bt cotton on A. gossypii were 
inconsistent between years in the fields. It is still unclear if 
the Bt protein caused the observed effects or if they were 
caused by the used variety. 

In the present study, we aimed to assess the effects of 
Bt cotton on the non-target A. gossypii with regard to its 
development, reproduction and life-table parameters in 
both the short and long term. We also quantified the levels 
of Bt toxin in A. gossypii and their honeydew using 
immunological tests (ELISA) to confirm the direct 
exposure of A. gossypii to Bt protein.  
 
 

MATERIALS AND METHODS 
 

Cotton cultivars and planting 
 

Seeds of the transgenic Bt cotton cv., GK12, containing the 1824-bp 
GFM Cry1A Bt gene (fusion gene of the Cry1Ac and Cry1Ab genes) 
and expressing the Cry1Ab/Ac fusion protein (Guo et al., 1995) were 
provided by Liangshan Cotton Seed Company (Liangshan, 
Shandong Province, China). Seeds of Simian3, the non-transgenic 
parental cultivar of GK12, were provided by Siyang Cotton Raw 
Material Farm (SIYANG, JIANGSU PROVINCE, CHINA). 

The aforementioned two cotton cultivars were planted individually 
in plastic pots (8 cm in diameter, 11 cm in height)  with  composted  

 
 
 
 
garden soil (garden soil : nutrient solution : vermiculite = 1 : 1 : 1) 
and kept in a glasshouse under the conditions of 25 ± 1°C, 60% to 
70% r.h. and under a natural photoperiod. The youngest fully 

expanded leaves of the cotton plants at the 2-cotyledon, 4 to 5 
true-leaf and boll stages were analyzed for the presence of the Bt 
protein (see below). The seedlings at the 2-cotyledon stage were 
used for the life-table parameter tests of A. gossypii.  
 
 
Insects 

 
The clones of the cotton aphid, A. gossypii, were collected from 
non-transgenic cotton plants in greenhouses and reared on caged 
cotton plants of either Simian3 or GK12 cultivar. Both populations 
were maintained for more than 30 generations to compare the 
long-term effects of Bt-cotton on A. gossypii in the greenhouse. 
 
 
Life-table study of cotton aphids on Bt and non-Bt cotton 

 
Using a completely randomized design, two experiments were 
conducted to compare the development, reproduction and other 
life-table parameters of A. gossypii feeding on GK12 and Simian3.  
 
 
The 1st generation experiment 
 
Forty adults were randomly selected from Simian3 and were 
individually transferred to GK12 seedlings using a fine paintbrush. 

After 12 h, one newly born nymph was left on each cotton seedling. 
Forty cotton seedlings were randomly and evenly allocated into two 
cages (0.6 × 0.50 × 0.50 m, constructed of a metal frame and a 
fine-mesh cover), which were kept in the laboratory at 25 ± 1°C, 60 
to 70% r.h. and under a natural photoperiod. The aphids were 
checked daily for survival and development until the start of their 
reproductive cycle. The number of offspring produced by each aphid 
was then recorded daily, and all of the nymphs produced were 

removed. Observations were continued until the adults died. As a 
control, aphids feeding on non-transgenic cotton cv. Simian3 were 
observed in the same manner.  

 
 

The multiple-generation experiment  
 
Following 36 generations of A. gossypii on GK12, the reproducing 
adults were transferred to the seedlings of GK12, and the same 

procedures as described above were conducted. Both experiments 
were replicated three times.  

 
 
Bt toxin protein analysis  

 
Sample collection and preparation 
 
The leaves of each cotton cultivar were analyzed to verify the 
presence of the Bt protein. For each growth stage (the 2-cotyledon, 
4 to 5 true leaf and boll stage), 20 leaves were collected. To quantify 
the Bt protein in A. gossypii, samples consisting of different 
quantities of adults (10, 100, 200 or 600 individuals) were collected 
and kept in 1.5-ml centrifuge tubes. For each sample, 5 to 10 
batches were collected and the weight was quantified (for details, 
Table 2). 

To collect the aphid honeydew, 20 cotton plants (both the GK12 

and Simian3 cultivars) at the 2-cotyledon stage were arranged with 
a clip-cage on each plant. The clip-cage was made of two plastic 
rings with a sponge on one edge to prevent the plant  tissue  from  



 

 

 
 
 
 
being damaged and gauze on the other edge to prevent the escape 
of the insects; 20 apterous A. gossypii adults were present in each 
cage. A pre-weighed sheet of silver paper (0.035 m in diameter) was 

placed on the bottom of each clip-cage for collection of the 
honeydew. After 10 days, the silver papers were reweighed, and the 
honeydew collected was dissolved in 120 µl of extraction buffer. All 
of the samples were kept at -20°C for less than one month before 
the ELISA analysis, upon which the samples were weighed with an 
electronic balance (Sartorius, Germany, BS224S, max = 220 g, d = 
0.1 mg), frozen in liquid nitrogen, homogenized immediately with 
extraction buffer and centrifuged for analysis.  
 
 
Enzyme-linked immuno-sorbent assay (ELISA) 
 
The Bt-Cry1Ab/Cry1Ac PathoScreen Kit (catalog # PSP 06200) was 
used to determine the Bt toxin concentration, and the 
spectrophotometric measurements were performed using a 
microtiter plate reader (BIO-RAD MODEL 680) at 650 nm. For 
protein extraction, Bt leaves material and aphid samples was frozen 
in liquid nitrogen in 1.5 ml centrifugal tube, grinded with a mortar 
pestle match 1.5 ml centrifugal tube. The 1×PBST (provided in the 
kit) was added to the samples at a ratio of at least 1:10 (g sample: 
ml buffer) (Table 2). The glass rod was washed with the buffer in the 
end. The homogenate was then centrifuged at 15,000 × g for 15 min 
at 4°C and the supernatant was transferred into a new tube. For 
ELISA, 100 µL of the protein extract was used. The ELSA was 
conducted following the instructions of the manufacturer. Results of 
the assay were visualized with a color development step. Each 

sample colour was spectrophotometrically measured, thus obtaining 
an optical density (OD) for each sample. The absorbance values of 
the negative controls were subtracted from the values of the test 
wells. If the result was positive, this sample was entered into the 
calculation using a standard curve (provided in the kit) to extrapolate 
the concentration of the Bt protein, which was converted into ng/g

 
for 

the concentration of Bt protein contained in each sample by 
multiplying by the dilution factor.  

 
 
Data analyses 

 
The life-table parameters were calculated using the equations: 
 

R0 =  xxml                                                     (1) 

 

T =  xxmxl  /  xxml                               (2) 

 
rm = (lnR0) / T                                             (3) 
 
I = SL1×SL2×SL3×SL4×SA×P                                 (4) 
 
t = ln2/rm                                                 (5) 

 

 =
mre                                                 (6) 

 
In the above equations, the age-specific survival rate (lx) is the 
proportion of individuals in initial cohort alive at age x time (day), and 
the age-specific fecundity (mx) is the mean number of female 
progeny produced per female alive at the age interval x day. 
SL1…SL4, SA is the survival rate of the 1st to the 4th instar larvae and 

normal adults, respectively and P is the fecundity per adult. R0 is the 
net reproductive rate; T is the average generation lifespan; rm is the 
intrinsic rate of natural increase;  I,  is  the  population  growth  
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exponents; t, is the time of population doubling and  is the finite rate 
of increase. 

For the Bt vs. non-Bt cotton, the data were expressed as the 

means ± SEM. To detect significant differences of the life-table 
parameters of A. gossypii due to the different feeding treatments and 
Bt protein concentration in the different plant tissues of GK12 and 
Simian3, analysis of variance (ANOVA) and a subsequent post hoc 
Duncan test (P = 0.05) were employed using SPSS 12 software 
(SPSS Institute, Chicago, IL, USA). The figures were displayed 
using SigmaPlot 9.0 software. 

 
 
RESULTS 
 
Effects of Bt cotton on the survival, development and 
fecundity of A. gossypii 
 
Neither the survival rate nor the development period of A. 
gossypii was negatively affected by the Bt cotton, for 
either the 1st or the 37th generation (Figure 1). 
Furthermore, there were no significant differences in the 
survival rates of A. gossypii nymphs from the 1st instar to 
the 4th instar, in the entire nymphal stage between the 
different cotton cultivars or between the different 
generations (1st instar: F3, 8 = 0.465, P = 0.714; 2nd instar: 
F3, 6 = 1.8, P = 0.247; 3rd instar: F3, 6 = 0.847, P = 0.517; 
4th instar: F3, 5 = 1.065, P = 0.442; entire nymphal stage: 
F3, 5 = 2.179, P = 0.209; Figure 1). The survival rates of 
the four larval stages and the entire nymphal stage of the 
A. gossypii feeding on both Simian3 and GK12 were up to 
95% for the 1st and 37th generations; the survival rates of 
A. gossypii that fed on GK12 for the 1st or 37th generation 
did not differ significantly. There were no significant 
differences in the development period of the different 
instars between the GK12-fed and Simian3-fed aphids, 
even for the 37th generation (1st instar: F3, 291 = 1.24, P = 
0.295; 2nd instar: F3, 285 = 1.441, P = 0.231; 3rd instar: F3, 

266 = 0.661, P = 0.577; 4th instar: F3, 230 = 0.658, P = 0.579; 
entire nymphal stage: F3, 258 = 1.982, P = 0.117; Figure 1).  

The Bt cotton did not significantly affect the reproduction 
of A. gossypii (Table 1). There was no significant 
difference in reproductive duration between GK12-fed 
adults and Simian3-fed adults (for both the 1st and 37th 
generations), Furthermore, the differences among the 
treatments of cotton cultivars and aphid generations did 
not differ significantly (reproductive duration: F3, 7 = 1.329, 
P = 0.342; total number of offspring: F3, 7 = 0.203, P = 
0.891), and there was no significant difference for the 
GK12-fed aphids between the 1st and 37th generations. 
 
 

Effects of Bt cotton on the life-table parameters of A. 
gossypii 
 
The net reproductive rate (F3,8 = 0.465, P = 0.715), 
development duration (F3,8 = 1.585, P = 0.267) and 
intrinsic rate of natural increase (F3,8 = 1.846, P = 0.217) of 
the A. gossypii feeding on the Bt cotton for the  1st  and  
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Table 1. Fecundity and life-table parameters of A. gossypii feeding on Bt vs. non-Bt cotton for different generations. 
 

Biological parameter
a
 

Simian3 GK12 Simian3 GK12 

1
st

 generation 1
st

 generation 37
th

 generation 37
th

 generation 

Reproduction duration (days) 12.8 ± 0.4
a
 11.1 ± 1.8

a
 10.9 ± 1.6

a
 8.4 ± 1.3

a
 

Total number of embryos (individuals) 32.0 ± 18.6
a
 29.2 ± 15.4

a
 23.7 ± 4.7

a
 20.5 ± 4.8

a
 

Net reproductive rate (individuals•female
-1

) 33.9 ± 12.5
a
 22.8 ± 10.0

a
 32.7 ± 5.7

a
 23.4 ± 3.2

a
 

Developmental duration (days) 10.5 ± 1.2
a
 9.7 ± 0.6

a
 14.0 ± 1.0

a
 12.5 ± 1.1

a
 

Intrinsic rate of natural increase (individuals•female
-1

•d
-1

) 0.97 ± 0.41
a
 0.69 ± 0.35

a
 0.25 ± 0.00

a
 0.20 ± 0.06

a
 

Population growth exponents 24.3 ± 8.6
a
 20.3 ± 9.6

a
 27.5 ± 5.0

a
 21.5 ± 7.2

a
 

Finite rate of increase  3.05 ± 0.94
a
 2.27 ± 0.87

a
 1.28 ± 0.01

a
 1.23 ± 0.02

a
 

Time of population doubling  1.5 ± 1.1
a
 1.3 ± 0.1

a
 2.8 ± 0.1

a
 2.7 ± 0.1

a
 

 
a
Means within a row followed by the same letters were not significantly different (post hoc Duncan test with P = 0.05). 

 
 

Table 2. ELISA analysis for different samples. 
 

Analyzed sample 
Number of 

replicates 

Amount of material 

(mg) 

Positive 

(%) 

Buffer 

(ml) 
ppb

a
 Bt protein 

(b)
 
(c)

 

Leaf tissue 

Simian3 (2-cotyledons stage)  10 66.1 ± 8.6 0 0.3 n.d. n.d. 

GK12 (2-cotyledons stage) 20 80.0 ± 20.0 100 0.3 11.31 ± 1.09 44.84 ± 2.79
ac

 

Simian3 (4-true leaves stage)  20 65.8 ± 22.1 0 0.5 n.d. n.d. 

GK12 (4-true leaves stage) 20 81.3 ± 25.4 100 0.77 8.94 ± 4.80 86.03 ± 12.60
ab

 

Simian3 (boll stage)  20 99.6 ± 38.6 0 0.5 n.d. n.d. 

GK12 (boll stage) 20 89.9 ± 21.9 100 0.5 1.26 ± 1.07 8.81 ± 1.91c 

       

Cotton aphids fed on Bt cotton and non-Bt cotton 

adult (on GK12) 20 0.4 ± 0.1 0 0.13 n.d. n.d. 

adult (on Simian3) 20 0.7 ± 0.1 0 0.13 n.d. n.d. 

adult (on GK12) 5 9.3 ± 1.6 0 0.13 n.d. n.d. 

adult (on GK12) 6 21.6 ± 7.4 33.3 0.13 0.22 ± 0.07 1.44 ± 1.04 

adult (on Simian3) 5 21.5 ± 1.9 0 0.13 n.d. n.d. 

adult (on GK12) 7 57.0 ± 14.5 42.9 0.18 0.14 ± 0.09 0.36 ± 0.22 

adult (on Simian3) 4 63.2 ± 11.5 0 0.18 n.d. n.d. 

       

Honeydew 

Simian3 20 0.5 ± 0.1 0 0.13 n.d. n.d. 

1st-2nd generation (on GK12) 20 0.9 ± 0.3 50 0.13 0.11 ± 0.08 13.73 ± 8.13 
 
a
ppb indicates the concentration of Bt protein in the buffer solution; n.d. indicates ‘not detectable’; 

b
 n.d. means not detectable. 

c 
Means within a 

column followed by the same letters were not significantly different (post hoc Duncan test with P = 0.05).  

 
 
37th generations were not significantly influenced by the 
Bt cotton. The time of population doubling (F3, 6 = 2.56, P = 
0.151), population growth exponents (F3, 8 = 0.306, P = 
0.821) and finite rate of increase (F3, 8 = 1.838, P = 0.218) 
did not differ between the Bt-fed A. gossypii and the 
non-Bt fed individuals (Table 1). 
 
 
Bt protein detection and quantification 
 
The Bt protein content in the leaves varied significantly at 

different growth stages (F2, 43 = 20.37, P < 0.001) (Table 2). 
The leaves at the 4 true-leaf stage contained the highest 
average concentration of Bt protein (86.03 ng/g), the 
2-cotyledon stage contained a moderate level (44.84 
ng/g), and the lowest level was found at the boll stage 
(8.81 ng/g).  

Among the Bt cotton cv. GK12-fed aphids, trace 
amounts of Bt protein was detected in some of the aphid 
samples and the honeydew samples. The Bt protein could 
only be detected in one-third of the aphid samples with 
body weights over 20 mg. 
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Figure 1. (a) Survival rate and (b) development of the five larval stages of A. gossypii 

feeding on non-Bt cotton (Simian 3) and Bt cotton (GK12) for different generations. L1, 
L2, L3, and L4 indicate the four larval stages, and L1-L4 indicates the entire larval 
period. 

 
 

 

DISCUSSION  
 
In the present study, the effects of Bt cotton on non-target 
cotton aphids were assessed. The results indicate that Bt 
cotton had no significant effects on the life-table 
parameters of cotton aphids even though they fed on Bt 
cotton for 37 generations, which was in accordance  with 

previous reports by Dutton et al. (2002) and 
Ramirez-Romero et al. (2008) that Bt maize did not affect 
non-target aphids. In contrast, Belén et al. (2004) have 
reported that Bt maize affected the development, 
reproduction and intrinsic rate of increase (rm) of the first 
generation offspring of alate and apterous Rhopalosiphum 
padi adults, but those indices were  not  affected  after  
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several generations (3 weeks, 10 weeks, and 18 weeks). 
A laboratory study of A. gossypii fed on Bt cotton for three 
generations has indicated that the Bt cotton did not affect 
the rm of A. gossypii in the first and second generations, 
yet the potential maximum fecundity was larger in all three 
of the generations observed (Liu et al., 2005).  

Comparing these reports with our results indicates that 
the biological responses of non-target aphids to Bt crops 
depend on the aphid species tested and the Bt plant 
evaluated. We speculate that the reasons for this 
differential effect of Bt plants on aphids must be other than 
those linked to the expression of the Bt toxin because Bt 
proteins are not transported in the phloem (Romeis and 
Meissle, 2011).  

Factors affecting the process of aphid settlement or 
retention on plants, such as host attraction or plant 
structure, should also be considered. The insertion of new 
genes into plants through transgenic technology and the 
selection and breeding process that is necessary to 
develop a newly transformed plants into stable and robust 
agricultural products with the desired properties could 
inadvertently change the nutritional quality and the 
secondary compounds of the plant itself (Chen et al., 
2004) or the plant structure (Saxena and Stotzky, 2001), 
which could, in turn, affect non-target pest populations or 
the biochemical quality. However, our results showed no 
adverse impacts on the life-table parameters of the cotton 
aphids after long-term (37 generations) rearing on Bt 
cotton plants as all parameters were similar to the control 
cultivar and to the values in the first generation.  

Our current study demonstrated that only low 
concentrations of Bt protein were sporadically detected in 
A. gossypii adults feeding on the Bt cotton cv., GK12: Bt 
protein could only be detected in one-third of the aphid 
samples with body weights over 20 mg, and the Bt protein 
was not detected in aphid samples weighing less than 10 
mg. Similarly, Lawo et al. (2009) collected A. gossypii 
from glasshouse grown Cry1Ac-expressing cotton plants 
and obtained a positive signal in enzyme-linked 
immunosorbent assays (ELISAs) for 11 out of 12 samples. 
Dutton et al. (2002) have reported that only trace amounts 
of Cry1Ab were detected in R. padi feeding on transgenic 
Bt maize and Ramirez-Romero et al. (2008) also reported 
that no Cry1Ab protein was present in Sitobion avenae 
nymphs developing on either Bt or conventional maize. 
Aphids feed on the phloem sap (Douglas, 2003), which 
has been shown to contain no or very small amounts of Bt 
protein (Raps et al., 2001; Burgio et al., 2007), with the 
consequence that aphids do not ingest the Bt protein 
(Head et al., 2001; Raps et al., 2001; Dutton et al., 2002, 
2004). Thus, the concentrations detected in aphids were 
most likely false positives due to contamination with 
faeces of thrips that entered the samples during the aphid 
collection. On the other hand, aphids could come in 
contact with the Cry protein when inserting their stylets in 
search for the phloem system. Depending on the probing  

 
 
 
 
behavior, some aphid species may ingest measurable 
amounts of Bt protein by this way.  

Although, no or little Bt protein was detected in aphids, 
much higher concentration of the Bt protein was found in 
the 50% of honeydew samples. Since Homopteran 
sap-sucking insects digest little or no protein in their gut 
(Stoger et al., 1999), most of the ingested protein is 
excreted; thus, the Bt protein ingested by A. gossypii may 
have been excreted in the honeydew. The relatively high 
concentrations detected in honeydew were most likely 
due to contamination with Cry-containing material, like 
faeces of thrips that entered the samples during the 
honeydew collection. In an earlier study with Bt maize it 
was found that the faeces of thrips contained about 
10-fold higher Cry1Ab concentrations than the fresh plant 
material (Obrist et al., 2005). Moreover, cotton plants are 
highly susceptible to infestation by thrips, spider mites and 
other herbivores. 

We proposed three explanations of why the life-table 
parameters of A. gossypii were not affected by the Bt 
protein. First, the cotton aphids ingested little or no Bt 
protein, and the protein sucked in was excreted into the 
honeydew. Secondly, the Bt protein had no impact on the 
compounds that conferred resistance to the aphids in the 
leaves at the cotyledon stage (Zhang et al., 2002). Third, 
the nutritive component in the phloem sap at the 
cotyledon stage was not affected by the Bt protein. 
Therefore, we suggest that the impacts of the Bt cotton on 
A. gossypii due to the potential food quality changes were 
negligible. In conclusion, A. gossypii sporadically obtained, 
if any, the Bt protein by feeding on the cotton leaves when 
probing plants, but the resulting Bt content in the A. 
gossypii body was very low and not consistently 
detectable, and the life-table parameters of A. gossypii 
feeding on Bt cotton were not affected in either the short 
term or the long term. The Bt protein was excreted in the 
aphid honeydew, and Bt protein concentrations in the 
honeydew was higher than in the insects. This may come 
not only from Bt protein-containing thrips, spider mites 
and other herbivorous species, but also from their faeces. 
 
 
ACKNOWLEDGEMENTS 
 
We thank Prof. Tong-Xian Liu of Texas A and M University 
for his review of our manuscript. This work was funded by 
the National Basic Research and Development Program, 
Ministry of Science and Technology, China (Grant no. 
2006CB102004) and the EU project (Contract no: 
ICA4-CT-2001-10069). 
 
 
REFERENCES  

 
Ashouri A (2004a). Seasonal occurrence and relative abundance of 

aphids on potato plants with classical and transgenic characters of 
resistance to Colorado potato beetle Leptinotarsa decemlineata (Say).  



 

 

 
 
 
 

Commun. Agric. Appl. Biol. Sci. 69: 273-280. 
Ashouri A (2004b). Transgenic-Bt potato plant resistance to the colorado 

potato beetle affect the aphid parasitoid Aphidius nigripes. Commun. 

Agric. Appl. Biol. Sci. 69: 185-189.  
Ashouri A, Michaud D, Cloutier C (2001). Unexpected effects of different 

potato resistance factors to the Colorado potato beetle (Coleoptera: 

Chrysolmelidae) on the potato aphid (Homoptera: Aphididae). Environ. 
Entomol. 30: 524-532. 

Bambawale OM, Singh A, Sharma OP, Bhosle BB, Lavekar RC, 

Dhandapani A, Kanwar V, Tanwar RK, Rathod KS, Patange NR, 
Pawar VM (2004) Performance of Bt cotton (MECH-162) under 
integrated pest management in farmers’ participatory field trail in 

Nanded district, Central India. Curr. Sci. 86:1628-1633. 
Belén L, Ramon A, Xavier P (2004). Transgenic Bt maize and 

Rhopalosiphum padi (Hom., Aphididae) performance. Ecol. Entomol. 

29: 309-317. 
Burgio G, Dinelli G, Marotti I, Zurla M, Bosi S, Lanzoni A (2011). Bt-toxin 

uptake by the non-target herbivore, Myzus persicae (Hemiptera: 

Aphididae), feeding on transgenic oilseed rape in laboratory 
conditions. Bull. Entomol. Res. 101(2): 241-247. 

Burgio G, Lanzoni A, Accinelli G, Dinelli G, Bonetti A, Marotti I, Ramilli F 

(2007). Evaluation of Bt-toxin uptake by the non-target herbivore, 
Myzus persicae (Hemiptera: Aphididae), feeding on transgenic 

oilseed rape. Bull. Entomol. Res. 97(2): 211-215.  

Chen DH, Ye GY, Yang CQ, Chen Y, Wu YK (2004). Effect after 
introducing Bacillus thuringiensis gene on nitrogen metabolism in 

cotton. Field Crop Res. 87: 235-244. 
Cui JJ, Xia JY (2000). Effects of Bt (Bacillus thuringiensis) transgenic 

cotton on the dynamics of pest population and their enemies. (in 
Chinese). Acta Phytophy. Sin. 27: 141-145. 

Deng SD, Xu J, Zhang QW, Zhou SW, Xu GJ (2003) Effect of transgenic 
Bt cotton on population dynamics of the non-target pests and natural 
enemies of pests. (in Chineses.). Acta Entomol. Sinica. 46: 1-5.  

Douglas AE (2003). Nutritional physiology of aphids. Adv. Insect. Physiol. 
31, 73-140. 

Duan JJ, Lundgren JG, Naranjo S, Marvier M (2010). Extrapolating 
non-target risk of Bt crops from laboratory to field. Biol. Lett. 6: 
74-77.  

Dutton A, D’Alessandro M, Romeis J, Bigler F (2004). Assessing 

expression of Bt-toxin (Cry1Ab) in transgenic maize under different 
environmental conditions. IOBC/WPRS Bulletin, 27(3): 49-55. 

Dutton A, Klein H, Romeis J, Bigler F (2002). Uptake of Bt-toxin by 

herbivores feeding on transgenic maize and consequences for the 
predator Chrysoperla carnea. Ecol. Entomol. 27: 441-447. 

Faria CA, Wackers FL, Pritchard J, Barrett DA, Turlings TC (2007). High 

susceptibility of bt maize to aphids enhances the performance of 
parasitoids of lepidopteran pests. PLoS One 2, e600. 

Guo SD, Ni WC, Xu QF (1995). Syncretic Gene Coding for Insecticidal 

Protein, its Expression Vector and their Application. (in Chinese.). 
Patent No. ZL 95119563.8, C12N 15/32. 

Harwood JD, Obrycki JJ (2006). The detection and decay of Cry1Ab 
Bt-endotoxins within non-target slugs, Deroceras reticulatum 

(Mollusca: Pulmonata), following consumption of transgenic corn. 
Biocontrol. Sci. Technol. 16(1/2): 77-88. 

Harwood JD, Wallin WG, Obrycki JJ (2005). Uptake of Bt endotoxins by 
nontarget herbivores and higher order arthropod predators: molecular 
evidence from a transgenic corn agroecosystem. Mol. Ecol. 14: 

2815-2823. 
Head G, Brown CR, Groth ME, Duan JJ (2001). Cry1Ab protein levels in 

phytophagous insects feeding on transgenic corn: implications for 

secondary exposure risk assessment. Entomol. Exp. Appl. 99: 37-45. 
Hilbeck A (2001). Implications of transgenic, insecticidal plants for insect 

and plant biodiversity. Persp. Plant Ecol. Evol. Syst. 4: 43-61. 

Howald R, Zwahlen C, Nentwig W (2003). Evaluation of Bt oilseed rape 
on the non-target herbivore Athalia rosae. Entomol. Exp. Appl. 106: 

87-93. 

James C (2011). Global Status of Commercialized Biotech/GM Crops: 
2011. ISAAA Brief No. 43. ISAAA: Ithaca, NY. 

Lawo NC, Wäckers FL, Romeis J (2009). Indian Bt cotton varieties do 

not affect the performance of cotton aphids. PLoS ONE 4, e4804. 

Zhang et al.        9879 
 
 
 
Li Y, Romeis J (2010). Bt maize expressing Cry3Bb1 does not harm the 

spider mite, Tetranychus urticae, or its ladybird beetle predator, 
Stethorus punctillum. Biol. Control. 53: 337-344. 

Liu XD, Zhai BP, Zhang XX, Zong JM (2005). Impact of transgenic cotton 
plants on a non-target pest, Aphis gossypii Glover. Ecol. Entomol. 30: 

307-315. 

Meissle M, Lang R (2005). Comparing methods to evaluate the effects of 
Bt maize and insecticide on spider assemblages. Agr. Ecosyst. 
Environ. 107: 359-370. 

Meissle M, Romeis J (2009). The web-building spider Theridion 
impressum (Araneae: Theridiidae) is not adversely affected by Bt 

maize resistant to corn rootworms. Plant Biotechnol. J. 7 (7): 645-656. 

Mellet MA, Schoeman AS (2007). Effect of Bt-cotton on chrysopids, 
ladybird beetles and their prey: Aphids and whiteflies. Indian J. Exp. 
Biol. 45: 554-562. 

Men XY, Ge F, Glive AE, Erdsl NY (2004). Influence of pesticide 
application on pest and predatory arthropods associated transgenic Bt 
cotton and nontransgenic cotton plant. Phytoparasitica, 32: 146-154. 

Naranjo SE (2009). Impacts of Bt crops on non-target invertebrates and 
insecticide use patterns. CAB Reviews: Persp. Agric. Vet. Sci. Nutr. 
Na. Resour. 4(011): 1-23. 

Obrist LB, Dutton A, Romeis J, Bigler F (2006). Biological activity of 
Cry1Ab toxin expressed by Bt maize following ingestion by 
herbivorous arthropods and exposure of the predator Chrysoperla 

carnea. Biol. Control. 51:31-48. 

Obrist LB, Klein H, Dutton A, Bigler F (2005). Effects of Bt maize on 
Frankliniella tenuicornis and exposure of thrips predators to 

prey-mediated Bt toxin. Entomol. Exp. Appl. 115: 409-416. 
O'Callaghan M, Glare TR, Burgess EPJ, Malone LA (2005). Effects of 

plants genetically modified for insect resistance on nontarget 

organisms. Annu. Rev. Entomol. 50: 271-292.  
Ponsard S, Gutierrez AP, Mills NJ (2002). Effect of Bt-toxin (Cry1Ac) in 

transgenic cotton on adult longevity of four heteropteran predators. 

Environ. Entomol. 31: 1197-1205. 
Ramirez-Romero R, Desneux N, Chaufaux J, Kaiser L (2008). Bt-maize 

effects on biological parameters of the non-target aphid Sitobion 

avenae (Homoptera: Aphididae) and Cry1Ab toxin detection. Pestic. 

Biochem. Physiol. 91:110-115. 
Raps A, Kehr J, Gugerli P, Moar W J, Bigler F, Hilbeck A (2001). 

Immunological analysis of phloem sap of Bacillus thuringiensis corn 
and of the nontarget herbivore Rhopalosiphum padi (Homoptera: 

Aphidiae) for the presence of Cry1Ab. Mol. Ecol. 10: 525-533. 

Romeis J, Meissle M (2011). Non-target risk assessment of Bt crops – 
Cry protein uptake by aphids. J. Appl. Entomol. 135: 1-6.  

Romeis J, Meissle M, Bigler F (2006). Transgenic crops expressing 
Bacillus thuringiensis toxins and biological control. Nat. Biotechnol. 24: 

63-71.  
Romeis J, Barsch D, Bigler F, Candolfi MP, Gielkens MMC, Hartley 

SE Hellmich RI, Huesing JE, Jepson PC, Layton R, Quemada H, 
Raybould A, Rose RI, Schiemann J, Sears MK, Shelton 
AM, Sweet J, Vaituzis Z, Wolt JD (2008). Assessment of 
risk of insect-resistant transgenic crops to nontarget 
arthropods. Nat. Biotechnol. 26: 203-208.  

Saxena D, Stotzky G (2001). Bt corn has a higher lignin content than 

non-Bt corn. Am. J. Bot. 88: 1704-1706. 
Stoger E, Williams S, Christou P, Down RE, Gatehouse JA (1999). 

Expression of the insecticidal lectin from snowdrop (Galanthus nivalis 

agglutinin; GNA) in transgenic wheat plants: effects on predation by 
the grain aphid Sitobion Avenae. Mol. Breed. 5: 65-73. 

Virla EG, Casuso M, Frias EA (2010). A preliminary study on the effects 
of a transgenic corn event on the non-target pest Dalbulus maidis 

(Hemiptera: Cicadellidae). Crop Prot. 29: 635-638. 
Vojtech E, Meissle M, Poppy GM (2005). Effects of Bt maize on the 

herbivore Spodoptera littoralis (Lepidoptera: Noctuidae) and the 
parasitoid Cotesia marginiventris (Hymenoptera: Braconidae). 

Transgenic Res. 14: 133-144. 

Way MJ, van Emden HF (2000). Integrated pest management in 
practice-pathways toward successful application. Crop Prot. 19: 
81-103. 

Wolfenbarger LL, Naranjo SE, Lundgren JG, Bitzer RJ, Watrud LS  



 

 

9880        Afr. J. Biotechnol. 
 
 
 

(2008). Bt crops effects on functional guilds of non-target 
arthropods: a meta-analysis. PloS One 3(5): e2118. 
doi:10.1371/journal.pone.0002118.  

Wu KM, Guo YY (2003). Influences of Bacillus thuringiensis Berlinger 
cotton planting on population dynamics of the cotton aphid Aphis 
gossypii Glover, in northern China. Environ. Entomol. 32: 312-318. 

Zhang GF, Wan FH, Murphy ST, Guo JY, Liu WX (2008). Reproductive 
biology of two nontarget insect species, Aphis gossypii (Homoptera: 
Aphididae) and Orius sauteri (Hemiptera: Anthocoridae), on Bt and 

non-Bt cotton cultivars. Environ. Entomol. 37: 1035-1042. 
 
 

 

 

 
 
 
 
Zhang YJ, Yang J, Guo YY, Wu KM (2002). Study on the interactions 

between exogenous Bt-ICP and cotton terpenoids chemicals. (in 
Chinese.). Sci. Agric. Sin. 35(5): 514-519.  

 
 
 
 
 
 
 
 

 
 
 


