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Utilizing 2D-DIGE and MALDI-MS/MS technology, 
we studied proteomic changes at 24 hai in the spikelets
of a pair of near-isogenic lines (NIL) contracting Qfhb1.



• The Near-isogenic lines for Qfhb1 used in this project were 
created and kindly shared by Dr. James Anderson’s group 
at University of Minnesota

(From: Liu et al. Funct Integr Genomics 6:83-89, 2006)
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Detection of Major Proteomic Changes During 
FHB with 2D-DIGE at 24 Hai 



Comparisons
• In-gel comparisons:

• The mock-inoculated NIL260-1-1-4 vs. the mock-inoculated 
NIL260-1-1-2 (4C/2C)

• The FHB-inoculated NIL260-1-1-4 vs. the FHB-inoculated 
NIL260-1-1-2 (4F/2F)

• Between-gel comparisons:
• The FHB-inoculated vs. the mock-inoculated NIL260-1-1-2 

(2F/2C)
• The FHB-inoculated vs. the mock-inoculated NIL260-1-1-4 

(4F/4C)
• Threshold for significance:

• 1.5 fold difference
• p ≤ 0.05
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Representative 2D-DIGE Gel Image with the 80 Selected Protein Spots Marked



Example of RT-PCR Validation

The fold changes in expression of the genes of interest 
were either similar or insignificant between the two 
molecular levels



Examples of Differentially Accumulated Proteins Identified by 2D-DIGE and 
MALDI-MS/MS Analyses and Their Top Ten Functional Annotations



Annotation Thresholds
• Protein score:

• High confidence: protein score ≥ 72
• Low confidence: protein score ≥ 31 but ≤ 71 
• No confidence: protein score ≤ 30

• Total ion score:
• The higher, the better fits

• Confidence Interval ≥ 95% for both protein scores 
and ion strength



Differentially Accumulated 
Proteins (DAP) Revealed by 

2D-DIGE Followed by 
MALDI-MS/MS 

4C/2C 2F/2C 4F/4C 4F/2F
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2462

the Fhb1+NIL the Fhb1-NIL the Fhb1+NIL the Fhb1-NIL 

Distribution of the 71 2D-DIGE-revealed differentially 
accumulated proteins (DAPs) (fold change ≥ 1.5, p ≤ 0.05 )

- Most changes occur in the Fhb1- NIL
- Resistance may be due to less change in accumulation of these 

proteins 



Stress-related 50%

Constitutive DAPs

14 (9 down & 5 up) in NIL260-1-1-4

(a B-box type Zn-finger protein)



DAPs Between the Two NILs After Fusarium-infection

• Qfhb1 is able to maintain photosynthesis, protein 
biosynthesis, sucrose homeostasis and stress control after 
Fusarium infection

• It will be interesting to know the function of protein #6 



Unknown 57%

DAPs specific to the Fhb1+ NIL 260-1-1-2

5 up and 2 down

ROS scavenging

ROS sensor

Sucrose 
metabolism

Protein synthesis



DAPs Specific to 
the Fhb1- NIL

The absence of Qfhb1 leads to significantly changes in 
photosynthetic, sucrose homeostasis, protein biosynthesis, 
and anti-ROS activities

Stress control

Photosynthesis Protein synthesis

Sucrose 
homeostasis
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• In the absence of Qfhb1, F. graminearum infection severely 
damages photosynthetic machinery. 

Impacts on Photosynthesis

Significantly different (≥ 1.5 folds)
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Impacts on ATP Homeostasis

In the absence of Qfhb1, F. graminearum infection 
severely disrupts the balance of proton gradients 
across relevant membranes and significantly increases 
ATP in cytosol.

Thylakoid lumen
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The absence of Qfhb1 makes the fhb1- NIL vulnerable 
to Fusarium attack by constitutively impairing sucrose 
homeostasis by enhancing starch synthesis from
sucrose.
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There is a significant reduction in anti-ROS activities 
in the Fhb1- NIL but not much in the Fhb1+ NIL after 
the pathogen inoculation.

Impacts on Anti-Radical Oxygen Species Activities

Significantly different (≥ 1.5 folds)

SAD: Stearoyl-ACP desaturase ; Prox2: Peroxiredoxin-2E-2 ; LHCB: Chlorophyll a-b binding protein; TD-Prx: 
Thioredoxin-dependent peroxidase; TRXM: Thioredoxin M-type; TCTP: Translationally-controlled tumor protein



Impacts on Hypersensitive 
Reaction

• The absence of Qfhb1 leads 
to significantly higher HSR



Summary
• The Fhb1- NIL responds to Fusarium infection by:

• significantly reducing photosynthesis activities
• significantly disturbing ATP homeostasis
• significantly disturbing sucrose homeostasis
• significantly reducing anti-stress activities leading to ROS 

build-up
• Fusarium infection induces strong HSR in the Fhb1-

NIL leading to FHB
• The Fhb1+ NIL seems to launch much weaker 

response to Fusarium infection 
• Qfhb1 seems to help the wheat host to do less in 

response to Fusarium infection reducing HSR and 
thus FHB
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DAPs that Could be Encoded by Genes in Qfhb1
• Based on the published sequence of the Qfhb1 marker interval by Schweiger et al. 

(2016), the following eight genes could be encoded by the genes in this interval:

• We did not identify any DAP that is likely a PFT or a GDSL
• Protein #53 (TCTP) could be HRC because both TCTP and HRC have a calcium-

binding domain
• A significant down-regulation of its accumulation by F. graminearum infection was observed 

in both NILs though.
• Our proteomic data revealed a diverse number of pathways that contribute to FHB and 

thus  probably more than one genes in this QTL are needed to work together
• Alternatively, Qfhb1 gene must be a master regulator to all or at least most of the 

described pathways is required
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