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2010 NASA/Jet Propulsion  

Laboratory false-color image  

Global Climate Change as a Major Challenge for Agriculture 
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Systems Approach for Resilience Agriculture 

Sample Preparation: 

Biology 

Chemistry 

Proteomics Genomics 

Bioinformatics 

Deliverables 

Characterization  

Evaluation Mechanism 

Management 

Resilient and Sustainable 
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Outline 
 Innovative Technologies to Enable Mechanism Study: 

Systems Biology for Resilience Agriculture 

 

 Characterization and Evaluation Tools: Enable Safety of 

Agriculture Products in a Changing Climate 

 

 Science-Driven Management:  A Systematic Approach for 

Food and Feed Safety toward Resilient Agriculture – “One 

Sample Strategy” 

 

 Perspectives: Regulatory Science to Improve Food and 

Feed Safety for More Resilience in Production System 
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Proteomics at Systems Biology Age 

 

Metabolomics 

Genomics and  

Metagenomics  

Transcriptomics and  

Metatranscriptomics 

Proteomics and  

Metaproteomics 

Bioinformatics 

DNA – Genome  

Transcription 

RNA – Transcriptome 

Translation 

Protein – Proteome  

Metabolite – Metabolome   

Catalysis 

Systems Biology 

Gene Discovery 

Enabling  

Technologies 
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 Technique to determine the relative weight of atoms and 

molecules by separation of charged atoms and 

molecules based (ions) on their mass in the gas phase. 

(first mass spectrometer 1910, Ne-isotope 20/22) 

 Molecules need to be in the vapor phase 

 Molecules need to be ionized 

 A molecular scale 

Mass Spectrometry 
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1-10 pmol 

 

100 fmol 

2 fmol  1 copy/cell  

(1 x 109 cells) 

50 amol Sequence 

LOD on LCQ 

pmols 

fmols 

amols 

20 nmol  1 g  1 grain of salt 

“Housekeeping” 

Soluble proteins 

Soluble proteins 

 

Membrane proteins 

 

 

Phosphoproteins 

 

Glycoproteins 

Typical Western 

State of the Art Shot-gun Proteomics to 

Improve Protein Identification 
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Latest LC-MS/MS Platform at Our Lab 

MS/MS 

Digestion Separation 
LC 

To Voltage 

To Mass Spec 

From 

HPLC 

To Ground 

To Waste 

Gold Electrode 

Back Column 

Front Column 

RP  

SCX 
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Case 1: Systems Biology Analysis of Rice Insect 

Defense to Deliver Resilient Crops 

Zhang et al, Molecular and Cellular Proteomics, 2013 Nov;12(11):3431-42 
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Case 1: Systems Biology Analysis of Rice Insect 

Defense to Deliver Resilient Crops 

Zhang et al, Molecular and Cellular Proteomics, 2013 Nov;12(11):3431-42 

Wt               Cupin like Protein                        Jacalin-like Protein 
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Case 2: Systems Biology to Enable Efficient Lignin 

Conversion – Path for Green Energy 
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Su et al. Submitted to J of 

Proteomics 

Case 3: Proteomics to Enable More Efficient Fungal 

Bioremediation of Dye and Lignin 
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Case 3: Proteomics to Enable More Efficient Fungal 

Bioremediation of Dye and Lignin 
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Conclusions I 

 Texas A&M Agrilife Implemented the State-of-the-Art 

Proteomics Platform as an Enabling Systems Biology 

Tool to Address Scientific Challenges in Resilient 

Agriculture 

 The Platform can Identify a Few Thousand Proteins 

within One to Two Days and Greatly Improved the 

Protein Identification as compared to Gel-based System 

 Complementary to the Genome approach and 

discovered functional pathways for variety of biological 

questions  

 Proteomics-based Systems Biology has Enabled 

Improved Crops for Insect Defense, More Efficient 

Biomass Utilization, and Enhanced Fungal 

Bioremediation, All of Which are Supporting the 

Response to Global Climate Challenges 
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Characterization and Evaluation – Global Climate 

Change Leads to More Pathogen Outbreaks 
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FDA Aflatoxin Action Levels 

ppb Product Description  

20 Corn, peanut products, cottonseed meal, and other animal 

feeds and feed ingredients intended for dairy animals, for 

animal species or uses not specified above, or when the 

intended use is not known  

20 Corn, peanut products, and other animal feeds and feed 

ingredients, but excluding cottonseed meal, intended for 

immature animals  

100 Corn and peanut products intended for breeding beef cattle, 

breeding swine, or mature poultry  

200 Corn or peanut products intended for finishing swine of 100 

pounds or greater  

300 Corn and peanut products intended for finishing (i.e., feedlot) 

beef cattle  
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Regulation in Taiwan 
Sanitation Standard for the Tolerance of Mycotoxins in Foods 

DOH Food No.0980462647, 12/04/2009 

DOH Food No.1011302722, 09/03/2012 

MOHW Food No. 1021350146 Amended, 08/20/2013 
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Food Chain: Feed to Milk 

 Exposure of Aflatoxin  contaminated corn greater 
than 20 ppb to feed dairy cattle 

 

 Contaminated milk containing >0.5 ppb Aflatoxin 
M1. 

 

 Milk Dumping. 
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Better lab efficiency 

Improved throughput 

LC-MS Tools for Characterization at Our Lab 

W. Li, T. J. Herrman, S.Y. Dai 
# Journal of AOAC 
International. 2010, 93, 1472. 
 

W. Li, T. J. Herrman, S.Y. Dai #  
Rapid Commu. Mass Spectrum. 
2011, 25, 1222-30 
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Rapid LCMS Method for Fumonisin Analysis in 

Corn-based products 

Comparison of recovery rates without internal 

standard (IS) and those with IS when testing blank 

cornmeal samples fortified with 1 µg g-1 for FB1, 0.5 

µg g-1 for FB2 and 0.25 µg g-1 for FB3.  

 

(Wei et al. J AOAC.  93, 2010, 1472) 
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Aspects HPLC/Fluorescence HPLC/MS/MS 

 
Sample 
preparation 

   
10 h 

 
2.5 h 

 
Instrumentation 

 
6 h 

 
2 h 

Comparison 

Based on 24 samples estimation. 
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Rapid Methods: Point of Sampling 

• Decision 
Making 
 

• Surveillance 
 

• Compliance  
 

Test Format Frequenc
y 

Percent 

Competitive ELISA 97 51 

Fluorescent Polarization 
Immunoassay 

9 5 

Immunoaffinity column, Competitive 
ELISA 

3 2 

Immunoaffinity column, Fluorometer 5 3.62 

Immunoaffinity column, 
Fluorometer/HPLC 

2 1 

Immunoaffinity column, UV 1 1 

Immunoaffinity column,HPLC/ELISA 5 3 

Lateral Flow Tests 67 35 
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Conclusions II 

 We have systemically developed and utilized series of 

analytical technologies to characterize and monitor 

fungal toxins in food and feed sectors  

 

 The methods were implemented to support the 

government surveillance program in the changing global 

climate 
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Food 
Regulation 

FDA 

OTSC 
DSHS 

Resilient Agriculture  
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Area (km2) Population 

Taiwan  36,193 23,461,708 
 

GDP 
$1.021 
Trillion 

Texas  696,241 27,695,284 
(2nd of US States)  

GSP 
$1.648 
Trillion 
 

From Wikipedia 
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One Sample Strategy 

A Risk Management Program 
 

 Regulatory program to improve analytical capability, 

increase market uniformity, reduce market uncertainty 

and improve food safety 

 

 Using one analytical result for multiple purposes 
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Corn Industry 
 Feeding livestock remains the primary use for American corn 

 Nationally, livestock and poultry directly consume approximately 40 
percent of the country's corn crop - in addition to a significant amount of 
corn co-products such as distillers grains. 

 96% of corn produced in Texas is used for livestock feed 

33% 

13% 26% 

20% 

3% 
1% 

1% 

1% 1% 0% 

2011 National Corn 
Consumption 

Feed

Export

Food seed industry

Fuel

HFCS

Starch

Sweenteners

Cereal

National corn grower 
association 

Year 2012 Texas 

Harvest 
(acres) 

 

 1.55 
million 

Yield 
(bushels/acre) 

 

130 

Contribution $1.5 
billion 

  
www.texascorn.org 
www.mafes.msstate.edu 
 

http://www.texascorn.org/
http://www.mafes.msstate.edu/
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Corn Harvest 

In harvest, each truck load of corn  will stop at 
the elevator(grain warehouse) for about half an 
hour. 
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Corn Feed Regulation: Aflatoxin 20 ppb 
 Aflatoxin level table 

 

 

 

 

 

 

 

 

 One truck load of the corn can be sampled three or more times: 

 By elevator operators for purchasing decision 

 By insurance representatives for value determination  

 By regulators for control of sale and distribution 

ppb Product Description  

20 Corn, peanut products, cottonseed meal, and other animal 
feeds and feed ingredients intended for dairy animals, for 
animal species or uses not specified above, or when the 
intended use is not known  

20 Corn, peanut products, and other animal feeds and feed 
ingredients, but excluding cottonseed meal, intended for 
immature animals  

100 Corn and peanut products intended for breeding beef cattle, 
breeding swine, or mature poultry  

200 Corn or peanut products intended for finishing swine of 100 
pounds or greater  

300 Corn and peanut products intended for finishing (i.e., feedlot) 
beef cattle  
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Approved 
Equipment  

Training for 
Individual 
Employees 

Proficiency 
Verification 

Process 

Management &  
Recordkeeping 

Monitoring 
& Corrective 

Actions 

One Sample Program 
 The current practice creates market uncertainty and 

various troubles. 

 

 Use one sample result for  

   multiple purposes:  

 Purchasing 

 Insurance 

 Regulation 

 

 Requirement of  

   measurement: 

 Fast 

 Accurate 
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Science Driven Approach: Regulators, 

Stakeholders and Customers  

  Evaluation of the current analytical capacity in 
the field 

 Science-based approach  

 

 
Survey and 
Evaluation 

USDA 
Requirements 

Policy 
Development 

Training Implementation 
Follow up 
Evaluation 
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TX Elevator Survey of Testing Kits 

 Areas we surveyed: 

 Testing kit model/manufacturer 

 Expiration date of the current testing kit in use 

 Users’ experience 

 Sample preparation method/device 

 Up limit of aflatoxin measurement range 

 Samples at three different concentration levels 
(by 21 independent HPLC measurements) 

 52 ppb 

 379 ppb 

 581 ppb 
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Survey Results 

Area 

Vendor 
1 

Vendor 
2 

Vendor 
3 

Vendor 4 

Kit 1 Kit 2 Kit 3 Kit 4 Kit 5 

2 1 

3 1 3 

4 1 

7 3 6 

9 3 6 1 3 

10 1 

12 1 2 2 

13 2 2 

14 1 

Total 
(Texas) 

10 19 4 6 

Five testing kits from four major kit manufacturers 
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Returning Results 

HPLC Results 
(ppb) 

STD 
(ppb) 

Elevator 
results 
(ppb) 

STD 
(ppb) 

52 3 62 50 

379 18 250 113 

581 34 440 170 

• Measurement capacity varies a lot 
between firms 

• Overall performance is terrible 
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2011 updated 8/06/2013 2012 

=< 20 ppb 
>20 to =/< 300 
ppb 

- > 300 ppb - > 500 ppb 
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USDA GIPSA Testing Kit Certification 

Program 

 

Concentration 

(ppb) 

Maximum RSD 
(%) 

Standard 
Deviation 

Range (ppb) 

5 25 1.25 2.5-7.5 

10 22 2.2 5.6-14.4 

20 20 4 12-28 

100 16 16 68-132 
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Study Design to Evaluate Kits 

Target 
level 
(ppb) 

Testing kit HPLC 

Analyst 1 Analyst 2 
 

Analyst 3 
 

Analyst 4 
 

50 7 7 7 21 

300 7 7 7 21 

1000 7 7 7 21 

Eligibility to be used 
in the risk 

management 
program 
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Performance of test kits on samples with different levels of 
mycotoxins 
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Actions and Preparation 

 Follow up with the testing kit company for corrective 
actions 

 Guidance with regard to testing kit usage in the “One 
Sample Strategy” program was developed. 

 Training material for the elevator who is participating the 
program 

 Sampling  

 Grinding  

 Analysis  

 Data report 

 Distributes OTSC reference material  

 Sample to be retained for six weeks 

 Field investigators collect retained sample for HPLC 
analysis 
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Reduce Market & Food Safety Risk 
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Risk Assessment and Management 

 Uniformity in the market and improved accuracy 

 

2011: 4 
firms 

2012: 9 
firms 

2013: 
30 
firms 

2014: 
36 
firms 
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Picture of Cargill at the Port 
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Year 
Samples 

by testing kits 
in industry 

HPLC 
verifications by 

government 
agency 

2011 720 34 

2012 2115 84 

2013 13,928 588 

2014 14,918 875 

~6 weeks 

 What do we learn from 
a medical diagnostic 
test? 

 

 Diagnostic tests: Industry 
measurements(kits) 

 

 Gold standard tests: 
Government agency 
measurements (HPLC) 
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Receiver Operating Characteristic 

Curve (ROC): 2013 
 Sensitivity: Being able 

to know > 20 ppb 

 

 1-Specificity:False 
positive, incorrectly 
tell >20 ppb 

 

 Area under the curve: 
Accuracy (0.9-1 
suggests excellent) 
0.9013  

Rejection Concentration = 
20 ppb by HPLC 

Industry performance evaluation 
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A Systematic Approach to  
Aflatoxin Risk Management 

80 ppb 
Acceptable range: 

60 - 100 ppb 
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Conclusions 

 The “OSS” program harmonizes standards and 
practices between multiple parties within the 
agricultural community.  

 A systems approach requires the coordination 
and collaboration between multiple parties. 

 Harmonization and plasticity are equally 
important for a resilient resolution. 

 A science based approach ultimately benefits the 
whole agricultural sector and government 
regulation, and promotes resilience and 
sustainability.  
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A Systems Approach for Resilience 

Science Resolution 

Tech 

Market Policy 

Resilience 

People 

Producers 

Communicators 

Policy  
Makers 

Scientists 
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What is Regulatory Science 

 Science for regulated 
products 

 Agriculture 

 Environment 

 Health related 
products 

 You name it…… 
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www.journalofregulatoryscience.org 
 

http://www.journalofregulatoryscience.org/
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Regulatory Science 
Graduate Curriculum 

Advancing the science  
of creating tools, standards,  
and practices to improve the 
protection and compliance 

of food systems 

regsci.tamu.edu 
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SCSC 629/VTMI 629 
Laboratory Quality Systems 

 

One of the Key Curriculum  

regsci.tamu.edu 

• Validity & 
reliability of 
laboratory data 

• Laboratory 
process control 

• Quality 
assurance 
procedures, tools 
and methods 

• Laboratory 
management 
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