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Abstract  
 

Soybean, Glycine max (L.) Merr, is the world’s most important source of vegetable oil and 

protein meal. Soybean ranks third only after corn and wheat in total acres grown for a seed crop 

in the USA. The Soybean aphid (SA) (Aphis glycines Matsumura) was first reported in the 

northern soybean growing region of the USA in 2000. By 2004, 80% of the U.S. soybean field 

was infested by SA. The SA is native to southeastern and eastern Asia and it is long been a pest 

of soybean in many Asian countries. Three plant introductions (PIs) (PI 243540, PI 567301B, and 

PI 567324) were identified as resistant to the SA biotype from Ohio. PI 243540 displayed strong 

antibiosis resistance such that SA was unable to survive on this PI in a non-choice test. The other 

two resistant PIs possessed mainly antixenosis type resistance.  PI 243540 and PI 567301B were 

also resistant to the SA isolate from Illinois. A single dominant gene controlling SA resistance in 

PI 243540 was mapped to the soybean molecular linkage group (LG) F. Thus, the SA resistance 

in PI243540 is controlled by a gene that is independent from the Rag1 gene in cultivar Dowling. 

This new gene has been named as Rag2. The Rag2 gene has been transferred to elite U.S. 

soybean cultivars by backcross breeding and marker assisted selection. 

 

Media Summary  
 

The Rag2 gene conferring resistance to soybean aphids will be useful for developing soybean 

cultivars with soybean aphid resistance in USA and elsewhere. 
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Introduction 
 

The SA is native to southeastern and eastern Asia and it has long been a pest of soybean in many 

Asian countries and has recently become a pest in the USA and Canada (Wu et al. 2004; Hartman 

et al. 2001). The yield losses of soybean attributed to the aphid in Minnesota have been reported 

to be greater than 50% (Ostlie 2002) and up to 52% in China (Wang et al. 1994). Besides the 

yield loss of soybean from direct feeding damage, aphids can transmit certain plant viruses such 

as alfalfa mosaic virus, soybean dwarf virus, and soybean
 
mosaic virus to soybean

 
(Iwaki et al. 

1980; Hartman et al. 2001). Currently available U.S. soybean cultivars are all susceptible to SA 

and producers depend on insecticide for controlling the aphid. Host plant resistance is most 

desirable for controlling the aphid. The first step in breeding a resistant cultivar is to identify the 

genetic sources of resistance to SA. Several research groups in the USA have recently identified 

SA resistant soybean germplasm (Mian et al. 2008).  

 



The SA resistance in each of the two soybean cultivars - Dowling and Jackson – is controlled by 

single dominant genes (Hill et al. 2006a, b). The gene in Dowling was designated as Rag1 and the 

gene in Jackson remained unnamed. Li et al. (2007) have mapped Rag1 and the unnamed gene 

from Jackson to the same genomic region on soybean LG M indicating that these two resistance 

genes may be allelic. Until recently it was believed that there was no biotype diversity of SA in 

North America (Hill et al. 2006a). However, Kim et al. (2008) have confirmed the existence of 

two biotypes of SA in North America and that the Ohio biotype of SA was able to break the 

resistance provided by Rag1 and Rag(Jackson) genes. The aphid resistance in PI 243540 is 

controlled by a single dominant gene (Kang et al. 2008). This report summarizes the recent and 

on-going research on SA resistance by the USDA-ARS in Wooster, Ohio, USA and collaborators.   

 

Methods 

 

The aphid screenings were conducted in greenhouses and in fields in Wooster, Ohio, USA as 

described by Mian et al. (2008). Nearly three hundred soybean lines were screened with SA 

collected from Wooster for identifying the source of aphid resistance. The SSR genotyping was 

performed using standard protocols. A mapping population from a cross between Ohio adapted 

cultivar ‘Wyandot’ and PI 243540 was used for mapping the gene. The phenotypic data were 

analyzed using SAS (SAS Institute 2002) and the marker data analysis and linkage mapping was 

accomplished by using the JoinMap 4.0 (Van Ooijen 2006) using the Kosambi mapping function.  

 

Results 
 

Three soybean accessions - PI 243540, PI 567301B, and PI 567324 - were identified as highly 

resistant against the Ohio biotype of SA (Table 1). Three other soybean accessions were 

identified to have partial resistance or tolerance to the aphid.  

 

The study on inheritance of the aphid resistance gene in PI 243540 indicated that a single 

dominant gene controlled the aphid resistance in this soybean accession (Table 2). 

 

The dominant gene was mapped on soybean LG F (Fig. 1) and this independent gene was named 

Rag2. 

 

 

Conclusion 
 

The aphid resistance in soybean PI 243540 is controlled by a simply inherited single dominant 

gene called Rag2. Due to simple inheritance of this gene it can be easily and quickly transferred 

to desired background via backcross breeding. 

   

References 
 

Hartman GL, Domier LL, Wax LM, Helm CG, Onstad DW, Shaw JT. Solter LF, Voegtlin DJ, 

D'Arcy CJ, Gray ME, Steffey KL, Isard SA, Orwick PL. 2001. Occurrence and distribution of 

Aphis glycines on soybeans in Illinois in 2000 and its potential control.  

http://www.plantmanagementnetwork.org/pub/php/brief /aphisglycines/ 

 

Hill CB, Li Y, Hartman GL. 2006a. Identification of a single dominant gene for resistance to the 

soybean aphid in the soybean cultivar Dowling. Crop Sci. 46:1601-1605. 

 



Hill CB, Li Y, Hartman GL. 2006b. Soybean aphid resistance in soybean Jackson is controlled by 

a single dominant gene Crop Sci. 46: 1606-1608. 

 

Iwaki M, Roechan M, Hibino H, Tochihara H, Tantera DM. 1980. A persistent aphid borne virus 

of soybean, Indonesian Soybean dwarf virus transmitted by Aphis glycines. Plant Dis. 64:1027–

1030.  

 

Kang ST, Mian MAR, Hammond RB. 2008. Soybean aphid resistance in PI 243540 is controlled 

by a single dominant Gene. Crop Sci (in press). 

 

Kim KS, Hill CB, Hartman GL, Mian MAR, Diers BW. 2008. Identification of soybean aphid 

biotype diversity in North America. Crop Sci (in press). 

 

Li Yan, Hill CB, Carson SR, Diers BW, Hartman GL. 2007. Soybean aphid resistance gene in the 

soybean cultivars Dowling and Jackson map to linkage group M. Mol Breeding 19: 25-34. 

 

Mian MAR, Hammond RB, St. Martin SK. 2008. New plant introductions with resistance to the 

soybean aphid. Crop Sci (in press). 

 

Ostlie K. 2002. Managing soybean aphid. http://www.soybeans.umn.edu/crop/insects 

/aphid/aphid_publication_managingsba.htm, Accessed 30 Nov. 2007. Univ of Minnesota Ext 

Serv, St Paul, MN, USA. 

 

SAS Institute. 2002. SAS/STAT release 9.1. SAS Institute, Cary, NC, USA. 

 

Van Ooijen JW. 2006. JoinMap 4.0, Software for the calculation of genetic linkage maps in 

experimental populations. Kyazma, BV, Wageningen, Netherlands. 

 

Wang XB, Fang CH, Zheng XP, Lin ZZ, Zhang LR, Wang HD. 1994. A study on damage and 

economic threshold of the soybean aphid at the seedling stage. Plant Prot. (China) 20:12–13. 

 

Wu Z, Schenk-Hamlin, Schenk-Hamlin D, Zhan W, Ragsdale DW, Heimpel GE. 2004. "The 

soybean aphid in China: an historical review" Ann Entomol Soc Amer 97: 209-218. 

 

Table 1: The aphid scores, plant damage scores, and aphid susceptibility indexes (ASI) from 

greenhouse confirmation choice test with the Ohio biotype of the aphid (adapted from Mian et al. 

2008). 

 

Line name Score 14 

DAI
+
  

Score 28 

DAI
±
 

ASI
ψ
 Comment 

PI243540 1.0 1.0 1.0 Resistant  

PI567301B 2.0 1.0 2.0 Resistant  

PI567324 2.0 1.0 2.0 Resistant  

PI567318 3.2 1.8 5.8 Moderately Resistant  

PI567321A 2.5 2.0 5.0 Moderately Resistant  

PI567336A 3.7 2.2 8.1 Moderately Resistant  

PI567543C 1.4 1.0 1.4 Res. check (Mensah et al., 2005) 

PI567597C 1.5 1.0 1.5 Res. check (Mensah et al., 2005)  

PI567598B 2.0 1.5 3.0 Res. check (Mensah et al., 2005) 

Jackson 4.0 4.1 16.4 Res. check (Hill et al., 2004) 



Dowling 4.7 4.6 21.7 Res. check (Hill et al., 2004) 

Williams 82 4.7 4.0 18.8 Sus. check cultivar (IL) 

Ohio FG5 4.7 4.7 21.7 Sus. check cultivar (OH)  

Wyandot 4.8 4.8 23.0 Sus. check cultivar (OH) 

LSD 0.05 0.7 0.7 2.9  

 
+
 Score 1=<25 aphids per plant, 2=25-100 aphids per plant, 3=101-200 aphids per plant, 4=201-

400 aphids per plant, and 5=>400 aphids per plant.  

 
±
 Score 1=<25 aphids and plant appears normal and healthy, 2=25-100 aphids per plant and plant 

appears normal and healthy, 3=101-300 aphids per plant and plant appears slightly stunted with 

slight yellowing of older leaves, 4=301-600 aphids per plant and plant appears moderately 

stunted with yellowing of older leaves and slight curling of young leaves, and 5=>600 aphids per 

plant and plant severely stunted with severely curled and yellow leaves and most of the stem and 

leaf surfaces covered with sooty mold and cast skins. 

 
Ψ
 The aphid susceptibility index (ASI) was calculated by multiplying the aphid score at 14 DAI 

by the plant damage score at 28 DAI with a possible ASI between 1 and 25. 

 

Table 2. Segregation of 341 F2 plants in 11 F1:2 families for resistance to the Ohio biotype of 

soybean aphid in a population of Wyandot × PI 243540 cross (adapted from Kang et al. 2008). 

 

Observed
†   Expected (3:1)  F1:2  

Family 

No of 

plants  Res. Sus.  Res. Sus. χ2 value   P   
1 37 24 13  27.8  9.3  2.03  0.15  

2 40 29 11  30.0  10.0  0.13  0.72  

3 19 15 4  14.3  4.8  0.16  0.69  

4 36 28 8  27.0  9.0  0.15  0.70  

5 36 27 9  27.0  9.0  0.00  1.00  

6 28 23 5  21.0  7.0  0.76  0.38  

7 24 20 4  18.0  6.0  0.89  0.35  

8 37 27 10  27.8  9.3  0.08  0.78  

9 36 31 5  27.0  9.0  2.37  0.12  

10 13 10 3  9.8  3.3  0.03  0.87  

11 35 27 8  26.3  8.8  0.09  0.77  

Pooled 341 261 80  255.8  85.3  0.43  0.51  

 

†Res (resistant) aphid scores 1 and 2  and Sus (susceptible) aphid scores 3, 4 and 5 where 1=no 

aphid present, 2=few (<25) solitary live or dead aphid bodies present, 3=some aphids (25 to 100) 

with some viviparous aptera surrounded by few nymphs present, 4=dense colonies on the upper 

half of the stem, underside of most leaves, and near the growing point of the plant with more than 

300 aphids, and 5=similar or more severe aphid infestation as in score 4 accompanied by visible 

plant damage.   

  

The single dominant gene in PI 243540 was mapped to soybean LG J using SSR markers (Figure 

1). This gene was confirmed as independent from the Rag1 gene in cultivar Dowling that was 

mapped to LG M by Li et al. (2007) and named as Rag2. Rag2 gene was transferred to cultivar 

Wyandot by marker assisted backcross breeding. 



 

Figure 1. Linkage map showing the position of the soybean aphid resistance gene (Rag2) on 

soybean genetic linkage group (LG) F. The map distances between adjacent markers are shown in 

centimorgan (cM).  
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