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According to statistics of International Service for the

Acquisition of Agri-biotech Applications (ISAAA), 18

million farmers in 28 countries planted more than 181

million hectares of genetically modified (GM) crops in

2014, at an annual growth rate of between 3 %–4 %, with

6.3 million ha more than 2013 [1]. Among these counties,

China ranks the sixth with 3.9 million ha. Globally, 27

kinds of transgenic crops have been approved. The four

main food groups for which GM varieties are cultivated

and the proportion of each worldwide that consists of

genetically modified strains are soybean, cotton, maize and

rapeseed [2]. Among these crops, transgenic cotton has

been one of the most rapidly adopted GM crops in the

world, which expressed insecticidal proteins from Bacillus

thuringiensis (Bt). Especially, more than 90 % of cotton

were transgenic, containing Cry gene(s) such as Cry1Ac,

Cry1Ac ? Cry2Ab or Cry1Ac ? Cry1AF. Extensive

planting of Bt cotton efficiently controlled target pests

either in the USA or in China and is highly beneficial to the

environment by reducing chemical insecticide sprays and

preserving population of beneficial arthropods. In recent

years, Cry genes were transformed into maize [3], rice [4],

and other species.

It is very important that the Bt toxin protein be sustainably

expressed in adequate quantities in plant parts at the requi-

site time of the whole season to afford protection against

target insect pests. We screened Bt protein expression in

different tissues at whole growth stage of 32 transgenic pest-

resistant varieties using enzyme-linked immunosorbent

assay (ELISA) (Fig. S1). Results showed that Cry1Ac pro-

tein underwent rapid degradation in the early stage, followed

by a slow decline in the later stage. Among the four tissues,

the contents of Cry1Ac protein in leaves were the highest,

followed by the buds, and the bolls were the lowest. The

expression of Cry1Ac in leaves and buds gradually declined

with cotton growth, while those in flowers and bolls were

relatively constant. It indicated that the levels of Bt protein

in cotton tissues fluctuate during the whole growing season

[5, 6] Some studies concluded that the overexpression of bt

gene at earlier stages led to gene regulation at the post-

transcription level and contributed to the consequent gene

silencing [7, 8]. Moreover, Xia et al. reported lower

expression level of bt gene at late stage correlated with

changes in the methylation state of the 35S promoter region.

Although the amount of the insecticidal protein in Bt-cotton

tissues was considerable reduced at later stage, the toxin

level did not fall below the critical level, and still maintains

relative high efficacy against insect pest [9]. In this study, the

efficacy against insect pest of these varieties also maintained

high level, indicated by less Helicoverpa armigera survived

after fed by leaves, buds, flowers and young bolls of

experimental varieties (unpublished data).

What factors resulted in the difference? Variations in the

efficacy of Bt cotton and the involved mechanisms need to

be understood fully. Untill 2007, there were 162 transgenic

varieties approved. Among these varieties, 18 varieties

were bred by transformed bt gene into plant recipient,

accounting for only 11 %; while 133 varieties were bred
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by crossing between authorized transgenic varieties and

conventional varieties, in which one half were bred from

GK12 and sGK321. According to the origin of 32 vari-

eties, we divided all varieties into different groups. The

results indicated that Nankang3 had the highest expression

level in all tissues in whole growing season, followed by

sGK321. No significant differences on Bt expression

levels were observed among the four residual varieties

(Fig. 1, Table S1). Except for the above six varieties,

some varieties were divided into same group because they

were bred from one same parent (male parent or female

parent). There were three varieties bred from sGK321.

Compared with sGK321, these three varieties had lower

Bt levels in leaves, buds, flowers and bolls in whole

growing season (Fig. S2, Table S2). Similarly, there were

eight varieties derived from GK12. Unlike the lines

derived from sGK321, there were not significant differ-

ences between GK12 and its derived varieties (Fig. S3).

By comparing the expression levels of Bt, we believe that

genetic background is one important factor, along with the

inserted point, causes the difference of BT level among

varieties. GK12 contains seven copies of bt gene, while

sGK321 contained only two copies. However, the level of

Bt protein in GK12 was significantly lower than that in

sGK321. Further studies on the inserted point of bt gene

may also provide valuable information.

Most of varieties had similar Bt protein levels, with only

a few showed higher expression. In recent years, some

farmers found that the cotton transferred bt could not well

resisted the cotton bollworm, Heliothis armigera. In some

districts of Shandong, insects overflow was found even in

the fields of transgenic cotton. As the Bt levels did not

decline rapidly with time (Fig. S4), the possible reasons

that account for the above phenomenon may include the

increasing resistance of target pests [10, 11], purity of seed

[12], and environmental factors [13].

In China, nearly 90 % of the transgenic pest-resistant

cotton were bred by crossing between conventional vari-

eties, which caused relatively low genetic diversity, narrow

hereditary basis and high similarities in genetic back-

ground. To breed new pest-resistant cotton, a more

promising method is to transfer bt gene into non-transgenic

variety using genetic engineering technique, rather than

crossing conventional varieties and authorized bt-trans-

genic varieties. Meanwhile, understanding the underlying

mechanisms that regulate the bt gene expression may also

contribute to the successful breeding of pest-resistant cot-

ton in China.
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3. Székács A, Lauber É, Takács E et al (2010) Detection of Cry1Ab

toxin in the leaves of MON 810 transgenic maize. Anal Bioanal

Chem 396:2203–2211

4. Wu G, Cui H, Ye G et al (2002) Inheritance and expression of the

cry1Ab gene in Bt (Bacillus thuriingiensis) transgenic rice. Theor

Appl Genet 104:727–734

5. Chen D, Ye G, Yang C et al (2005) The effect of high temper-

ature on the insecticidal properties of Bt cotton. Environ Exp Bot

53:333–340

6. Mahon R, Finnergan J, Olsen K et al (2002) Environmental stress

and the efficacy of Bt cotton. Aust Cotton Grower 22:18–21

7. Olsen KM, Daly JC, Holt HE et al (2005) Season-long variation

in expression of Cry1Ac gene and efficacy of Bacillus

thuringiensis toxin in transgenic cotton against Helicoverpa

0

200

400

600

800

1000

1200

1400

1600

1800

2000

24/6 10/7 19/7 29/7 13/8 26/8 24/6 10/7 19/7 29/7 13/8 26/8 10/7 19/7 29/7 13/8 26/8 10/7 19/7 29/7 13/8 26/8

slloBsrewolFsduBsevaeL

GK12

sGK321

Zhongmian41

Guoxinmian3

Lumianyan24

Nankang3

C
ry

1A
c 

(n
g/

g)
 

Fig. 1 Bt levels in six varieties transformed with bt gene. x axis shows the time of examination as day/month
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