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Leaf-chewing insects in Soybean 
Lepidoptera!

© Peter J. Bryant 

Coleoptera!

extension.entm.purdue.edu Flickr.com/blisteringfeet 



Vegetative! Reproductive! extension.entm.purdue.edu/ 

30%!

Defoliation Thresholds in Soybean 

15%!

>20% defoliation !
during pod formation and filling 
Yield reduction!

Haile et al., 1998 



Resistance Mechanisms: Antixenosis!

Greenhouse plots! Visual rating: % defoliation!

Experiment: choice!

Painter, 1951 

Resistance: non preference 

Susceptible! Resistant!

Phenotype: reduced plant defoliation  



Resistance Mechanisms: Antibiosis!

Painter, 1951 

Susceptible! Resistant!Growth chamber!

Experiment: non choice 
Phenotype: larval weight 



South Carolina, 1969 

Insect Resistant Soybean 

Van Duyn et al., 1971 

Screening for resistance !
•  23 soybean lines  
•  5 commercial cultivars 

Mexican Bean Beetle 

extension.entm.purdue.edu/ 



Insect Resistant Soybean 

Van Duyn et al., 1971 

Larvae weight / plant!

# egg masses / plant!

# beetles / plant!



Resistance in PI 227687!

F2:3 population!

Soybean Linkage Groups !
 RFLP map E 

Cobb PI 227687 

x 

Rector et al., 1998 
Hulburt et al., 2004 

Boerma & Walker, 2005 
Palmer, 2008 

Pb	



Clemson University  Corn earworm!



Sharp trichomes Blunt trichomes 

Pb!

Trichome 

Sharp Pubescence locus: Pb!

Siebert, 2004 
Hulburt et al., 2004 

PI 227687!pb!



Sharp vs. Blunt Pubescence 

Wild soybean!

Cultivated soybean!

Broich and Palmer, 1981 

Pb!

pb!

Pb!



Smithsonian Museum 
Catalog Collection 
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Terry et al., 2000 
Hulburt et al, 2004 

Boerma and Walker, 2005 

Sharp vs. Blunt Pubescence 

Phenotype: larval weight!



Insect Resistant Soybean 

Van Duyn et al., 1971 

Larvae weight / plant!

# egg masses / plant!

# beetles / plant!



Soybean Linkage Groups!
RFLP map 

QTLs in PI 229358 - Antixenosis!

Rector et al., 1999 

H!
M!

F2:3 population!

Cobb PI 229358 

x 

Defoliation!



Soybean Linkage Groups 

QTLs in PI 229358 - Antibiosis!

Rector et al., 2000 

G!

M!

F2:3 population!

Cobb PI 229358 

x 

Larval weight!



QTL-M activates the other QTLs 

Benning BC6F2:3  Near Isogenic Lines "

Zhu et al., 2006 
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15 soybean breeding lines!
Phenotypic selection 
Insect Resistance 

Graphical genotype"
82 cM of Chromosome 7 
SSR flanking QTL-M 

Narvel et al., 2001 

Retrospective study of QTL-M!
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QTL-M + Sharp Pubescence 

Benning BC6F2:3!
Greenhouse "

Soybean looper!

ANOVA: Bars represent means from fifteen replicates using RCB design (p < 0.001)	
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ANOVA: Bars represent means from fifteen replicates using RCB design (p < 0.001)	





Cloning and Characterizing QTL M!

1. Confers antibiosis and antixenosis resistance 

3. Enhances the effectiveness of Bt 

2. Activates QTL-G and QTL-H!

4. Effective across multiple insect herbivores 



QTL-M: Recombinant Substitution Lines 

Zhu et al., 2009 
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QTL-M: BAC Contig – PI 229358 

Zhu et al., 2009 

SNP003! Satt729! SNP3600! SNP3610!
Probe-1! Probe-2! Probe-3!

Gm07!

0M! 10M! 20M! 30M! 40M!

13800K! 13900K! 14000K! 14100K!

182 kbp"26I07!

45C17!

118D14!
134D24!

55D15!

75L06!

2H18!
134P08!

91F02!

87O02!

76B01!

121O06!



BAC Sequence Aligned to the Soybean Genome!

182 kbp – Williams 82"

178 kbp – PI  229358"

Gm07!

13900K! 14000K! 14100K!

182 kbp"



Glyma07g14440!

Glyma07g14450!

Glyma07g14460!

Glyma07g14470!

Glyma07g14480!

Glyma07g14490!
Glyma07g14500!
Glyma07g14510!

Glyma07g14520!
Glyma07g14530!
Glyma07g14540!

SNPs between Williams 82 and PI 229358!
Gm07!

13800K! 182 
kbp"



CNS!

Benning!

Harrow!

Arksoy!

Bansei!

Dunfield!Flambeau!
Haberlandt!

Illini!

Improved Pelikan!

Jogun!
Kanro!

Lincoln!

Manitoba Brown!

Mukden!

Perry!

Ralsoy!

Richland!Anderson!

Mejiro!

Fiskeby III!
Fiskeby 840-7-3!

FC 31745!

Bilomi No.3!

Capital!

Jackson!

Korean!
Mandarin!

Ogden!

Peking!

Roanoke!

S-100!

Strain No.18!

PI 229358!

32 Soybean Genotypes Ancestral to Modern Varieties"

Polymorphisms with Susceptible Accessions 



SNPs Unique to Insect Resistant Soybeans Accession 



16 Reported Insect-Resistant Soybean Genotypes"

PI 163453!
PI 209837!

PI 227219!

PI 245331!

PI 366119!

PI 318660!

PI 407073!

PI 407132!

PI 407300!
PI 407301!

PI 417310!

PI 417136!

PI 423911!

PI 464935-1!

PI 227687!

PI 171451!

PI 229358!

Shared SNPs with Insect Resistant  

Boethel, 1999 



SNPs Unique to Insect Resistant Accessions 



Some insects can sequester plant flavonoids"

Fenny et al.,  1976"
Berhow and Vaughn, 1999"

Hoffmann-Campo et al.,  2001"
Widstrom and Snook, 2001"

Flavonoid Glycosyltransferase 

Glyma07g14530 – Putative Flavonoid Glycosyltransferase!

Bark beetle – spruce!
Cabbage looper – soybean!
Corn earworm - maize!
Other insects are deterred by flavonoids:"



Resistant!
1,416 bp"

Susceptible!
229 bp"

Glyma07g14530 Expression in Leaves!

0 hr"
Ben" PI"

72 hr"
Ben" PI" PI"Ben"

Severin et al., 2010"



SNF2-N 

Protein!

Flavonoid 
pathway!

Phenotype!

Glyma07g14530!

Susceptible!

G!

STOP!

 Susceptible vs Resistant Soybeans 

Partially Recessive !

Heterozygotes have 
an intermediate 
phenotype 

Resistant!

A!

STOP! STOP!



•  Complementation tests in transgenic plants 

Work in Progress 

Characterization of Glyma07g14530 

•  Determine which leaf flavonoids are different 
between QTL-M and qtl-m plants 



Summary 

•  PI 227687 resistance is associated with sharp pubescence 

•   PI 229358 resistance is conferred by 3 QTLs: 
o  M: antibiosis and antixenosis 
o  H: antixenosis 
o  G: antibiosis 

•  QTL-M activates QTL-H and QTL-G 



Summary 

•  QTL-M enhances Bt 

•  QTL-M + Pb plants are more resistant to defoliation, and 
caterpillars are smaller 

•  A putative flavonoid glycosyltransferase is the candidate 
gene for QTL-M: 

•  Modification of the flavonoid pathway provides a 
possibility to obtain insect resistance in other crops 

•  Pyramiding these genes may provide a more durable 
resistance 

•  Non-transgenic alternative for insect resistance 



The De-bugging Team through the Years 
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•  Michael Strand  "

Gene Expression, Cloning!
•  Pete LaFayette "

Bioassays!
•  Christina Hylton"




