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Cry toxin expression in Bt-cotton hybrid seeds: impact on
‘refuge-in-bag’ strategy for managing resistance in bollworms
A key strategy for delaying the development of resistance among cotton
bollworms to the Bt toxins is ‘refugia’.
This refers to the cultivation of a small
proportion of non-Bt-cotton alongside
Bt-cotton, in order to maintain a considerable population of bollworm adults
that are not selected for by the Bt
toxins1–3. The unselected population of
bollworm adults, by means of mating
with, if any, a small number of selected
individuals, is expected to reduce the
rate of resistance development4,5. Thus,
with the purpose of implementing the
refugia strategy, farmers purchasing Btcotton seeds have been provided with a
prescribed quantity of non-Bt seeds for
simultaneous planting. However, Indian
cotton farmers, most of whom are small
or marginal, have barely taken the risk
of planting non-Bt seeds, thus leading
to gross non-compliance of the prescribed refuge requirement. This noncompliance has been attributed to the
development of resistance recorded
among the bollworms against the Bt
toxins6–8.
Aiming at enforcing compliance of
the refugia strategy, the Government of
India has permitted purposeful mixing
of non-Bt-cotton seeds, along with Btcotton seeds in the same commercial
seed bag, which is called refuge-in-bag,
or RIB. The Government has stipulated
that non-Bt seeds may range from 5% to
10% of the total seeds in a bag9, with a
condition that the trait purity does not
go below the currently prescribed level
of 90%. This produces two scenarios
that need to be tested before implementing the RIB. First, purposeful mixing
of Bt and non-Bt seeds might not be
needed if the proportion of non-Bt seeds
in the original hybrid seed lot is in
excess of 5%. This is because all cultivated Bt-cotton crops in India are hybrids10, not varieties, which makes it
likely to have a certain proportion of
trait-impure seeds in a lot. Second, the
trait purity among hybrids with Bollgard-II® technology (BG-II; containing
both Cry1Ac and Cry2Ab genes) is affected not only by non-Bt seeds, but also by
those containing only one of the two Bt
genes, which would limit the quantity
of non-Bt seeds that could be purpose1494

fully added to the bag. Incidentally,
almost all of the Bt-cotton seeds that are
commercially sold in India are BG-II
hybrids. These scenarios make it necessary to quantify the proportion of seeds
with one, or no, Bt genes in the commercial seed bags before implementing
RIB.
Seventy-eight commercially sold
BG-II seed bags were purchased in the
open markets of Maharashtra, Andhra
Pradesh and Karnataka. These bags
represented 25 hybrids produced by 15
different companies. Each seed bag
contained 450 g of Bt-cotton seeds from
which 90 seeds were sampled (N =
7020 seeds). These seeds were soaked
overnight before separating the endosperm from the seed coat. The endosperms were individually subjected to
ELISA to determine the presence of
Cry1Ac and Cry2Ab toxins (the ELISA
protocol followed was the same as described by Dohare and Tank)11. Data
were maintained bag-wise. The ELISA
kit was obtained from Amar ImmunoDiagnostics Pvt. Ltd., Hyderabad, India.
Of the 7020 seeds tested for the
presence of the two Bt toxins, the results showed that 6512 (92.76%) seeds
had both Cry1Ac and Cry2Ab toxins,
74 (1.05%) seeds contained only
Cry1Ac, 71 (1.01%) seeds contained
only Cry2Ab and the remaining 363
(5.17%) seeds did not contain both toxins in them. The extent of trait purity
(~93%) was within the permitted limits, and, interestingly, the proportion of
non-Bt seeds in a bag met the minimum
refuge size (5%) stipulated for BG-II
under RIB. This suggests that RIB has
been in place prior to its official implementation. The minimum trait purity
prescribed by the Government, notwithstanding the implementation of
RIB, allows up to 10% non-Bt seeds to
be present in a bag. Considering that the
trait impurity was in excess of 7%,
adding another 5% non-Bt seeds would
actually exceed the stipulated trait
purity limits.
The development of resistance in
bollworms against Bt toxins has been
largely attributed to the non-compliance of the refugia strategy6–8. This
study shows that farmers have been un-

knowingly planting non-Bt seeds along
with Bt seeds in the desired proportions.
Since seed companies have been following similar seed production, processing and quality assurance methods
from the start of the commercialization
of transgenic Bt-cotton in India, it is
likely that the planting of non-Bt seeds
to the extent of about 5% has been happening ever since the introduction of
BG-II hybrids in India. In spite of this,
the pink bollworm developed resistance to both the Cry toxins and devastated large areas of cotton across the
country. Therefore, it might not be true
that 5% non-Bt plants could slow down
the rate of resistance development in
bollworms. On the contrary, if this was
actually true, then the act of the farmers
to deliberately reject planting non-Bt
seeds as refuge may not be the major
reason for the development of resistance. There might be a need to look for
reasons beyond ‘refuge compliance’.
Broadly, it appears that there might
not be any need for deliberate addition
of 5% non-Bt seeds to the bags. However, the situation is different at the scale
of individual bags. The study reveals a
worrisome extent of variation in the
trait purity and the presence of non-Bt
seeds in a bag. Trait purity was as low
as 61% in seed bags (Figure 1). There
were 31 bags with <5% non-Bt seeds,
40 bags with 5–10% and 7 bags with
>10% non-Bt seeds. These results call
for a stricter implementation of the regulations to ensure that not only is the trait
purity maintained, but also the extent of
non-Bt seeds in a bag. As a result, it
appears that companies need to ensure
stringency in their seed production and
seed quality assurance programmes,
such that the extent of trait purity is
greater than 95%. It is only under this
condition that an additional 5% non-Bt
seeds can be added to the bags.
In 2012, it was suggested in this
journal that efforts may be made to
include the 5% non-Bt seeds within the
stipulated window of trait purity (i.e.
10%)12, which has been the case in the
Government’s notification on RIB.
While stipulating that the trait purity
shall not fall below 10%, the notification
maintains that the deliberately added
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Figure 1. Frequency distribution of Bt-cotton seed bags with respect to the extent of trait
purity. Trait purity refers to the proportion of seeds producing both Cry1Ac and Cry2Ab
toxins. There were nine bags with 100% of the sampled seeds (n = 90) returning positive
values for the two toxins. The least trait purity recorded was 61.11%.

non-Bt seeds shall be comparable with
the Bt hybrid in its overall performance.
However, the other potential problems
expected to arise from the implementation of RIB need to be considered during
implementation. As the Bt and non-Bt
seeds in a bag shall be indistinguishable, and considering that this correspondence shows that RIB might not be
effective in managing the development
of resistance, the potential socio-economic issues arising out of the deliberate mixing of seeds have to be
addressed.
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