
Asian soybeanrust, causedby Phakopsorapachyrhizi, is a menaceto

worldwide soybean growers. This disease was discovered in the

continentalU. S. in late2004andhasthe potentialto causesevereyield

reductionandbillions of dollars in economiclossesdue to that all U.S.

commercialsoybeanvarietiesaresusceptibleto this disease. In an effort

to understandcompatibleandincompatiblehost-pathogeninteractionsat

the molecularlevel, fourteenaccessionswereevaluatedwith rust spores

collected in Louisiana. Two accessionsshowed consistent immune

responsein both detachedleaf assayand greenhouseinoculation. qRT-

PCR was conductedto comparethe progressof fungal proliferation in

resistantand susceptiblelines. Fungal biomassincreasedsignificantly

four daysafter infection in susceptiblelineswhereasno or little increase

was detectedin resistantlines. Comparisonof protein profiles between

two resistantandonesusceptibleline with or without rust infection has

found differentially expressedproteinsin both resistantand susceptible

lines. Someof themmatchedwith previouslyidentifiedproteins,suchas

pathogenesisrelatedprotein10 (PR10), S-adenosylmethioninesynthetase

I, and chalconeflavononeisomeraseI (CHI1). The identities of other

differentially expressedproteinsare being determinedthrough peptide

sequencing. The transcript levels of these differentially expressed

proteinsareanalyzedusingqRT-PCR. The potentialimportanceof these

differentially expressedproteinsin soybean-P. pachyrhizi interactionis

alsodiscussed.
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1) Identify soybeanaccessionswith resistanceto soybeanrust spores
collectedin Louisiana.

2) Identify proteins differentially expressedbetween resistant and

susceptiblelinesthroughproteinprofile comparisons.

3) Characterizethe differentially expressedspotsto identify proteins

with importantrolesin hostplantdefenseagainstrustinfection.

Proteomic analysis of soybean accessions resistant and susceptible to 

soybean rust ( Phakopsora pachyrhizi )

Figure 1. Soybean leaf lesion density of different accessions 

at 14 days after inoculation with LA soybean rust spores. 
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Figure 2. Different reactions of two resistant lines, PI 417089A and  PI 

567104B and two susceptible lines,  PI 548631 and 93M60 at 14 days after 

inoculation with LA soybean rust spores. 

Figure 4. Proteomic comparison of two resistances and one  susceptible accession at 1 day after soybean rust inoculation. 

All spots numbered were up-regulated in resistant lines compared to the susceptible. Spots inside yellow circles were 

matched to the previously identified spots.    
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Plant material
1. LA soybeanrust isolatewasusedto screen14 soybeanaccessions,PI 200492, PI 230970, PI 462312, PI 417089A, PI 548631, PI 518671, PI 398998, PI 437323,

PI 506863, PI 398288, PI 587905, PI567351B, PI587866andPI 567104B. Seedswerekindly providedby thePlantGeneticResourcesUnit, USDA-ARS,Urbana,

IL .

2. Thefourth to sixth trifoliate leaveswerecollectedatR1 to R2 stagesfor detachedleafassayfor eachaccession. For theproteomicanalysis,PI 417089A/PI 567104B

and PI 548631/93M60 (Pioneer,Iowa) wereusedasresistantandsusceptibleaccessions,respectively. Leaveswerecollectedfrom thefourth to sixth trifoliate at 14

daysafterinfectionfor proteomicanalysis.

Inoculation of detached soybean leaves with P. pachyrhizi
1. Sporeskeptin -80 °C wereresuspendedin deionizedwatercontaining0.01% Tween20andadjusted2500spores/ml.

2. Two hundredmicrolitersof inoculumcontaining500sporeswereappliedevenlyto theadaxialsurfacesof detachedsoybeanleavesthathadbeenwashedthreetime

swith deionizedwaterandair-dried.

3. Theinoculatedleaveswereplacedadaxialsurfaceup on filter papersoakedwith sterilewaterin Petridishes,andwereincubatedunderthefollowing conditions: 26

± 0.5°C, 16 h day(about50 µE S-1m-2) and20 ± 0.5°C, 8 h night. Total numbersof pustuleswerecountedat 14 daysafterinfection. This experimentwasconducte

d threetimeswith two replicates.

Protein extraction

Phenolfollowed by methanolicammoniumacetatedprecipitation(HurkmanandTanaka,1986).

First-dimension gel electrophoresis
1. Proteinpelletsweresolubilizedin lysis buffer (8 M urea,4% CHAPS,40 mM DTT, and2% wt/vol IPG buffer.

2. Immobiline DryStrip were rehydratedovernightin 350ɛlof rehydrationsolution (8 M urea,2% wt/vol CHAPS,20 mM DTT, Bromophenol,and0.5%

wt/vol IPGbuffer)with 150ɛgof proteinfor silver staining(analytical)an700ɛgproteinfor CoomassieBluestaining(preparative).

3. Isoelecticfocusing(IEF) at500V for 1h, 1000V for 1h and8000V for 5h andequilibrationof stripswasperformed.

Second-dimension gel electrophoresis, staining and gel analysis
1. SDS-polyacrylamidegel (12.5%) wasused. SDS-PAGEwasconductedat22 °C atconstantvoltageof 110V for 2000vhr.

2. Proteinspotsin analyticalgelswerestainedwith DodecaSilver StainKit (Bio-rad). Preparativegelswerestainedwith 0.125% wt/vol CoomassieBrillant

BlueR-250.

3. All stainedgelswerescannedusinga UMAX PowerLookII scanner(UMAX datasystems,Taiwan)andanalyzedusingtheProgenesissoftware(Nonlinear

Dynamics).

DNA extraction and real-time PCR
1. GenomicDNA wasextractedfrom infectedleavescollectedateachtime pointusingDNeasyplantmaxikit (Qiagen).

2. Real time PCRwasconductedwith specificprimersandprobes(Fredericketal., 2002) for PhakopsorapachyrhiziusingTaqman2x UniversalPCRMaster

Mix (Applied Biosystems)in 25 µl reactionvolumewith 10ng of genomicDNA, 12.5 µl of 2x universalPCRmixture,and5 µM of eachprimer. ABI PRIS

M 7000SequenceDetectionSystem(AppliedBiosystems)wasusedfor real-time PCRunderstandardconditions.

RNA extraction and real-time PCR for PR10 gene
1. TotalRNA wasextractedfrom thesoybeanleafcollectedatvarioustime pointsusingRNeasyPlantMini Kit (Qiagen).

2. Reversetranscriptionwasconductedwith 500ng of total RNA usingTaqMan®ReverseTranscriptionReagents(Applied Biosystems)accordingto theman

ufacturerôsprotocol.

3. Real-time PCRassayswereperformedusing2x SYBR GreenPCRMasterMix (Applied Biosystems)in 25 µl reactionvolumewith 25 ng of cDNA, 12.5 µl

of SYBR green,and1 µM of eachprimer. Thesameprotocolwasusedfor 18S rRNA (internalcontrol)primers. ABI PRISM7000SequenceDetectionSyst

em(AppliedBiosystems)wasusedfor real-time PCRunderstandardconditions.

Protein profile comparisons between resistant and susceptible lines showed different patterns:
�9 Twenty seven spots from PI417089A and 13 spots from PI567104B were found up-regulated when 

they were compared to the susceptible (PI548631) without rust infection (data not shown).

�9 Thirty three spots from PI417089A and 25 spots from PI567104B were up-regulated when they were 

compared to the susceptible (PI548631) line after rust infection (Fig. 4 and Tables1 and 2).

�9 Sixteen spots were commonly induced in both resistant lines (red numbers in Tables 1 and 2) and 

black numbers in table 1 and 2 were uniquely induced in each resistant line.

ÅComplete the time course study to determine when these spots express differentially between resistance and 

susceptible after inoculation.

ÅDetermine the identities of additional spots constitutively expressed or induced only in resistant after infection 

using MS/MS.

ÅCharacterize the differentially expressed protein spots using overexpression and RNAi gene silencing methods.  
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Asian soybeanrust (ASR) diseasecausedby P. pachyrhizi was first

reportedin Japanin 1902 and it is now an emergingdiseasein the

continentalUnited Statessince its discoveryin late 2004 in Louisiana

(LA) . P. pachyrhiziinfectioncancausequick defoliationandsevereyield

lossesup to 80% (Yanget al, 1991). Accordingto studiesof soybeanrust

sporeviability undersouthernU.S. winter conditions(Parket al., 2008;

Jurick II et al., 2008), soybeanrust is predictedto establishin the south

andspreadgraduallyto thenorth,which will posea seriousthreatto U.S.

soybeangrowersin thefuture. All U.S. commercialsoybeancultivarsare

susceptibleto the fungusand the only methodto control this diseaseis

timely and costly applicationof fungicides. To identify resistantlines,

germplasmscreeningstudieswere conductedand soybeanaccessions

resistantto P. pachyrhizi isolatesfrom Nigeria, Paraguayand Vietnam

were identified (Miles et al., 2008; Phamet al., 2006). However, the

effectivenessof resistancecan be overcomeby virulent ASR isolates

(Hartmanet al., 2005). In order to developapproachesto effectively

control this disease,it is necessaryto understandon how soybeanrust

infects the host and how host respondsto pathogenattack at the

molecular level. A proteomicapproachhas beensuccessfullyusedto

examinehost-pathogeninteractionsin earlierstudiesbetweenwheatand

Pucciniatriticina (Rampitschet al., 2006), rice andMagnaporthegrisea

(Kim et al., 2004), maizeandAspergillusflavus(Chenet al., 2004), and

ArabidopsisandAlternaria brassicicola(Oh et al., 2005). In this study,

we determinedthe resistancelevelsof over a dozensoybeanaccessions

againstLA isolate. Theselineshadbeenpreviouslyidentifiedasresistant

or susceptibleto rust isolates from other regions. Also, a proteomic

approach was adopted to compare leaf protein profile differences

betweenresistantand susceptiblesoybeanlines with or without rust

inoculationto identify differentiallyexpressedproteins.
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91 10.4 1139 2.3 1603 1.4

274 1.8 1249 1.9 1621 1.6
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Accessions Figure 3. Accumulation of soybean rust DNA in infected 

leaves of four different accessions during the time 

course.  

Table 1. Protein spots up-regulated in resistant accession, 

PI417089A after comparison with the susceptible, PI548631

Table 2. Protein spots up-regulated in resistant accession, 

PI567104B after comparison with the susceptible, PI548631

Red numbers: up-regulated in both resistant lines

Black numbers: unique spots up-regulated in each resistant 

accessions 

Figure 5. Sub-section of the gels for spots which were commonly 

up-regulated in both resistant lines 

Figure 6. Comparison of PR10 gene expression patterns 

between resistant and susceptible lines after ASR infection using 

real time PCR during the time course 

�9Spots in circle A, B and C were matched to the previously identified spot PR10, chalcone isomerase I, and S-

adenosylmethionine synthetase I.

�9Sub-section of the gel for some  spots commonly induced in both resistant  lines. It shows reproducibility of the 

experiments (Fig. 5).  

PR10 gene expression patterns in resistant and susceptible lines:
�9Higher induction of PR10 gene was detected at 10 h after infection in resistant lines whereas it was highly 

induced  in the  susceptible 2 days later. 

�9At 6 DAI, PR10 gene was dramatically induced in both resistant and susceptible lines but its expression was 

significantly higher in resistant lines.

ÅPI417089A and PI567104B showed immune response and PI 548631 produced high number of lesions and tan reaction after ASR infection.

ÅPI567104B completely stopped ASR proliferation whereas PI417089 allowed some extend of  ASR proliferation, but not enough to cause the disease.    

ÅProteins were differentially expressed in resistant and susceptible before and after ASR infection.

ÅSome spots were commonly induced in both resistant lines but others were induced uniquely in each accession, indicating that they might have 

different defense mechanisms against ASR infection.

ÅPR10 gene expression was detected from all accessions at 10hai, but its expression level was significantly higher in resistant l ines.  

Screening accessions to find resistance against 
soybean rust infection
�9PI417089A and PI567104B supported fewer lesions 

compared to other accessions. Lesions of those accessions 

didn�¶�W���S�U�R�G�X�F�H���D�Q�\���S�X�V�W�X�O�H�V���R�U���V�S�R�U�H�V��
�9PI200492 and PI462312 showed red-brown reaction 

without pustules and spores. 

�9The rest of the accessions produced high number of tan 

lesions with pustules and spores (Fig. 1 and Fig. 2)  

�9Significant higher soybean rust DNA accumulation was 

detected at 4 DAI in susceptible lines (PI548631 and 

93M60, respectively) compared to resistant (PI567104B 

and PI417089A).

�9No soybean rust DNA accumulation was detected in 

other resistant line(PI567104B) (Fig.3). 
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