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Abstract Two generations of Clostera anachoreta (Fabricius) larvae were fed continuously with leaves of selected
clones of transgenic (Bt + API) triploid Chinese white poplar in order to evaluate additive insect-resistant effects of
transgenic triploid Chinese white poplar. When the two generations were subcultured with the high and medium level
insect-resistant transgenic poplar, the high and medium level insect-resistant transgenic poplar manifested its obvious
additive resistance to C. anachoreta (Fabricius), with higher mortality of the second generation C. anachoreta
(Fabricius) larvae and longer larvae growth period of the second generation than those of the first generation.
Furthermore, the weight of pupa and the fecundity of the second generation were lower than those of the first
generation. However, there was no significant difference between both generations when subcultured with low level
insect-resistant transgenic poplar. These results implied that the population of C. anachoreta (Fabricius) would decline
gradually to under the economic threshold even when planting the medium level insect-resistant transgenic poplars in
the environment.
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Introduction

The triploid Chinese white poplar, a breed of pollen radiation
and sexual hybridization developed by ZHU Zhiti, an
academician at the Beijing Forestry University, in 1984,
was derived from the cross (Populous tomentosa Carr. � P.
bolleana)� P. tomentosa Carr. (Kang et al., 1999; Kang et al.,
2000; Zhang et al., 2000), growing well in the areas of
Hebei, Henan, Beijing, Shaanxi, and Gansu after many years
of regional tests. However, the plant was seriously damaged
by leaf-eating pests. To reduce the environmental pollution
and human input, 29 clones of transgenic poplar were
acquired by transforming the insect-resistant gene (Bt cry1Ac
gene and arrowhead proteinase inhibitor (API) gene) into
the triploid Chinese white poplar using Agrobacterium-
mediated transformation technique (Liang and Chen, 1995;
Yang et al., 2006). In the present study, six clones of all the 29

insect-resistant transgenic poplar were selected to detect the
additive insect-resistance to Clostera anachoreta (Fabricius).

Materials and methods

Materials

High level insect-resistant transgenic poplar clone 1 (1H) and
clone 7 (7H), medium level insect resistant clone 10 (10M)
and clone 28 (28M), low level insect-resistant clone 16 (16L)
and clone 26 (26L), and the non-transgenic poplar (CK) were
obtained from the Laboratory of Forest Genetics and
Biotechnology of Agricultural University of Hebei.

Samples of C. anachoreta (Fabricius) were collected from
Raoyang County, Hebei Province of China, and reared in the
laboratory with non-transgenic poplar leaves until egg stage.

Methods

Insect feeding
More than one hundred C. anachoreta (Fabricius) larvae
were fed with the fresh leaves of different levels of
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insect-resistant clones respectively, with the leaves of non-
transgenic poplar as control (CK). Twenty larvae were fed in
each rearing tank, and maintained under the optimum
rearing conditions of 25±1ºC and 60%–70% relative
humidity. The fresh leaves were replaced daily and the
development stage and the other indices of C. anachoreta
(Fabricius) were noted. After eclosion of the first generation
of C. anachoreta (Fabricius), 5 pairs of adults were selected
randomly to record their fecundity (Gao et al., 2002; Gao et

al., 2004; Liu et al., 2004). After the larvae hatched, the
second generation larvae of C. anachoreta (Fabricius) were
fed with fresh leaves daily using the corresponding clones of
transgenic triploid poplar, and developmental index was
noted.

Data analysis
Data analysis was carried out by using the DPS operating
system (Tang and Feng, 2002) and the following equations.

Total mortality  rate ¼ Total  death  number  of   larvae=Total  number  of   larvae  raised� 100%,

Corrected mortality  rate ¼ ðMortality  of   tested  insects –mortality  of   CK  insectsÞ=ð1 –mortality  of   CK  insectsÞ,

Death  index ¼ ð
X

Day Number � Day mortalityÞ=ðTotal mortality� Total  day  numberÞ:

Results and analysis

Influence of different transgenic poplar clones on the
mortality and growth period of the second generation
larvae

The first generation larvae of C. anachoreta (Fabricius) were
fed with the fresh leaves of all the selected clones
respectively, which all died when fed with 1H and survived
till the 2nd generation when fed with other clones. The
corrected mortality rate of the first generation larvae fed with
7H, 10M, 28M, 26L and 16L was 79.79, 65.96, 54.26, 25.53
and 9.57, respectively while that of the second generation fed
with 7H, 10M and 28M was 100%. However, the corrected
mortality rate of the second generation fed with 7H, 10M and
28M was higher than that of the first generation (Table 1).

The first generation larvae fed with highly resistant 7H had
the longest growth period among those fed with all different
clones, with the lowest growth rate among those fed with 7H,
10M, 28M, 26L and 16L. The growth period of the first instar
larvae of the second generation fed with 10M was
approximately 3 d, which was longer than that of the first
generation. The similar growth period of the second
generation fed with 28M and 10M appeared at the first instar,
with larvae all dead at the second instar and the third instar
respectively. The growth period of each instar larvae of the

second generation was similar to that of the first generation
when fed with 26L but longer than that of the first generation
when fed with 16L. Obviously, the growth period of each
instar of the 2nd generation larvae was longer than that of the
first generation while the growth rate was lower than the 1st
generation larvae feed with the same clones (Table 2).

Influence of different transgenic poplar clones on the pupa
weight and fecundity of the 1st and 2nd generation

Pupa weight and fecundity of the first generation of C.
anachoreta (Fabricius) fed with all the clones and CK were
assessed and the average weight of 20 pupae was calculated.
The average pupa weight of C. anachoreta (Fabricius) fed
with 7H was significantly different from that fed with 26L,
16L and 28M. Likewise, that fed with CK was significantly
different from that fed with 7H, 10M, 28M, and 26L, but not
significantly different from that fed with 16L.

Only some larvae fed with 26L and 16L could become
pupae and the average pupa weight of the second generation
fed with 26L was extremely lighter than that of the first
generation while that fed with 16L was similar to that of the
first generation (Table 3).

Five pairs of adult C. anachoreta (Fabricius) from each
treatment were selected to study the fecundity by multiple
comparison (Tables 3 and 4). The adult fecundity of C.

Table 1 Mortality and death index of the 1st and 2nd generation larvae of C. anachoreta (Fabricius)

Generation Result

1H 7H 10M 28M 26L 16L CK

1st Number of larvae 104 98 100 100 99 96 100

Death index 0.54 0.55 0.64 0.68 0.73 0.75 0.79

Mortality rate (%) 100 81 68 57 30 15 6

Corrected mortality rate(%) 100 79.79 65.96 54.26 25.53 9.57 –

2nd Number of larvae – 100 102 96 97 99 100

Death index – 0.26 0.38 0.46 0.65 0.74 0.83

Mortality rate (%) – 100 100 100 46.9 16.3 9.2

Corrected mortality rate (%) – 100 100 100 41.25 7.82 –
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anachoreta (Fabricius) fed with 7H, 10M and 28M was
significantly different from that of CK. Likewise, the
fecundity of C. anachoreta (Fabricius) when fed with 26L
was significantly different from that of CK, while 28M
showed an extremely significantly different fecundity from
7H and 10M. Both fecundity and pupa weight fed with 7H
and 10M were not significantly different. The high and
intermediate insect-resistance clones affected the pupa weight
obviously, and were significantly different from CK.

Discussion and conclusions

The high and medium level insect-resistant transgenic poplar
clones showed higher resistance to the larvae of the second
generation when subcultured with the transgenic poplar. The

mortality of the first generation C. anachoreta (Fabricius)
larvae was lower than that of the second generation. The low
level insect-resistant transgenic poplar clones had no obvious
influence on the change of the two generations. A
corresponding decline in fecundity occurred with the decline
of the pupa weight which depends on the resistance level of
transgenic poplar. In other words, the high and medium level
insect-resistant clones had stronger resistance to C. anachor-
eta (Fabricius).

The high and medium level insect-resistant transgenic
poplar clones had apparently additive insect-resistance. These
transgenic poplars possessed more obvious influences on the
growth and development of the subcultured generation and
reduced the insect population density. These results imply that
the population of C. anachoreta (Fabricius) would decline
gradually to under the economic threshold even when only

Table 2 Development status of each instar of the 1st and 2nd generation larvae of C. anachoreta (Fabricius)

Generation Growth period (day)

7H 10M 28M 26L 16L CK

1st 1st instar 2.5146 2.4938 2.3496 2.0313 1.9984 1.9952

2nd instar 4.0012 3.92 4.2571 3.1182 2.6371 2.5873

3rd instar 5.3501 5.1203 4.7939 4.7103 4.0667 4.0032

4th instar 9.0124 8.8496 7.9936 6.105 5.3967 5.3107

5th instar 8.9511 8.4317 7.6453 6.8074 6.192 6.135

2nd 1st instar – 3.2103 2.9274 2.6226 2.3838 2.3496

2nd instar – – 4.0783 3.1104 2.7996 2.7693

3rd instar – – – 4.7596 4.3122 4.2499

4th instar – – – 6.006 5.5991 5.5096

5th instar – – – 6.8587 6.5703 6.566

Table 3 Multiple comparison of pupa weight of the 1st and 2nd generation C. anachoreta (Fabricius)

Clone Average pupa weight
of 1st generation

(g/head)

xi-x6 xi-x5 xi-x4 xi-x3 xi-x2 Average pupa weight
of 2nd generation

(g/head)

xi-x3 xi-x2

CK 0.1653 0.0792** 0.053** 0.0401** 0.0246 0.0124 0.1628 0.0473** 0.0006

16L 0.1529 0.0668** 0.0406** 0.0277 0.0122 – 0.1634 0.0479** –

26L 0.1407 0.0546* 0.0284 0.0155 – – 0.1155 – –

28M 0.1252 0.0391* 0.0129 – – – – – –

10M 0.1123 0.0262 – – – – – – –

7H 0.0861 – – – – – – – –

Note: * and ** in a column represent significant difference at 0.05 and 0.01 probability levels, respectively.

Table 4 Multiple comparison of fecundity of the first generation C. anachoreta (Fabricius)

Clone Average fecundity
(zooid/head)

xi-x6 xi-x5 xi-x4 xi-x3 xi-x2

CK 291 225.2** 156.6** 143.4** 66.4* – 6.4

16L 297.4 231.6** 163** 149.8** 72.8* –

26L 224.6 158.8** 90.2** 77* – –

28M 147.6 81.8* 13.2 – – –

10M 134.4 68.6 – – – –

7H 65.8 – – – – –

Note: * and ** in a column represent significant difference at 0.05 and 0.01 probability levels, respectively.
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planting the medium level insect resistant transgenic poplars
in the environment.

Acknowledgements

This project was supported by the National High Technology

Research and Development Program 863 (No. 2009AA10Z07) and
the Special Program of State Forestry Administration (No.
201004004).

References

Gao B J, Hu H Y, Wang J M, Liang H Y, DuanWQ (2002). Study on the
insect resistance of transgenic hybrid poplar 741 to various instar
larvae of gipsy moth. Hebei Journal of Forestry and Orchard
Research, 17(2): 159–162 (in Chinese)

Gao B J, Wang Y F,Wang J M, Liang H Y, YangM S, Zhang J H (2004).
Researches on the insect-resistant effect of transgenic hybrid poplar
741 with two insect-resistant genes. Acta Ecol Sin, 24(2): 288–301
(in Chinese)

Kang X Y, Zhu Z T, Zhang Z Y (1999). Morphology and meiosis of
Chinese white poplar. Journal of Beijing Forestry University, 21(1):
1–5 (in Chinese)

Kang X Y, Zhu Z T, Zhang Z Y (2000). Breeding of triploids by the
reciprocal crossing of Populus alba� P. glandulosa and P. tomentosa
� P. bolleana. Journal of Beijing Forestry University, 22(6): 8–11 (in
Chinese)

Liang M S, Chen B (1995). Research and development of transgenic
plants. Discovery of Nature, 14(51): 73–79 (in Chinese)

Liu J X, Gao B J, Zhang J H, Wang J M, Jiang W H, Li Y H, Zhou G N
(2004). Sustainability of insect resistance of transgenic hybrid poplar
741. Journal of Beijing Forestry University, 26(6): 76–79 (in
Chinese)

Tang Q Y, Feng G M (2002). DPS Data Processing System for Practical
Statistics. Beijing: Science Press, 96–98 (in Chinese)

Yang M S, Mi D, Ewald D, Wang Y, Liang H Y, Zhen Z X (2006). The
survival and escape of Agrobacterium tumefaciens in triploid hybrid
lines of Chinese white poplar transformed with two insect-resistant
genes. Acta Ecol Sin, 26(11): 3555–3561 (in Chinese)

Zhang Z Y, Yu X S, Zhu Z T (2000). Sexual reproduction of hybrid
triploids in Populus tomentosa. Journal of Beijing Forestry
University, 22(6): 1–4 (in Chinese)

240 Additive insect-resistant effects of transgenic triploid Chinese white poplar


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


