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• My area of research using “omics” 
• Big data generation and analysis 
• Understanding of molecular networks 
• Factors limiting big data 
• Current state and future perspectives 

Presenter
Presentation Notes
Proteomics and metabolomics data can reveal molecular mechanisms directly related to the phenotype and behavior of organisms. Because of rapid advancement in analytical chemistry including mass spectrometry, genome sequencing and computational biology, proteomics and metabolomics technologies have been implemented in more and more research projects to answer key scientific questions that cannot be addressed using other tools. More and more large scale data at protein and metabolite levels have been generated. The presentation will highlight recent advancement in data generation, integrative analysis, challenges and opportunities.



http://waynesword.palomar.edu 

 

My area of research: proteomics and 
metabolomics of stomatal movement 

Presenter
Presentation Notes
•	What is your area of research?•	What does “Big Data” mean to your area, perhaps by quick example?•	How is data generated, communicated, and/or computed in your research area?•	What are the factors that limit Big Data in your area at UF?•	What are the big challenges that Big Data will address?•	What is the current state of Big Data generation/analysis in your field, what is the projected growth over the next 5 years, and what are the anticipated infrastructure and analysis challenges that need to be met to successfully compete?

http://waynesword.palomar.edu/


“Omics” and systems approaches 
• Environmental and genetic perturbation of stomatal movement, follow 
how the cells’ physiology is changing in real time and correlate with 
accompanying protein and metabolite changes.   

 

 
 

Ja
sm

on
ic

 a
ci

d 
le

ve
l 

(n
m

ol
/m

g 
DW

)
IA

A 
(n

m
ol

/m
g 

DW
)

Time after ABA treatment (min)

Data from Assmann and Chen labs 

   

Presenter
Presentation Notes
- Therefore, RL and CO2 signaling is highly related to bioenergy production for a low carbon society. The findings will fill critical knowledge gaps in guard cell and mesophyll cell RL and CO2 signaling and metabolic networks and solve the long-standing question of signaling between the two types of cells. - The beauty of our system is it allows us to see how the cells' physiology is changing in real time (by observing apertures) and correlate this with accompanying metabolite changes. MOST other single cell types do not offer this capability.�- After absicic acid ABA treatment, stomata close and guard cell metabolites change rapidly following ABA treatment. �- It is interesting to note that Metabolomics analysis reveals that the “ABA” response is actually a multi-hormone response. Previous papers showed application of the hormone JA closed stomates and application of the hormone  IAA opened stomates. Now we see that the “ABA” response actually involves (in part) elevation of JA and reduction of IAA levels in guard cells. These responses are lost in the gpa1 mutant, which is hyposensitive to ABA.



Big data generation and analysis 

MALDI-TOF-TOF MS  MALDI-TOF MS 

Biacore 3000 

nanoESI LTQ Orbitrap MS     LCQ Deca MS 

4000 QTRAP MS 

Protein 2D gel system Digestion/spotting robot 

Off-gel  

Gel excision robot Image scanner 

Agilent HPLC QSTAR Elite & XL 





Systemic understanding of 
molecular networks 



Hypothesis generation research drives 
novel hypothesis testing research 

* Acetyl-CoA carb oxylase
Acetyl-CoA synthetase
Acetylorn ithine aminotransferase
60S  Acid ic riboso mal protein P
Actin
Aconitase
Acyl-[acyl-carrier protein ] thioesterase
Adenylate  kinase
Adenylosuccinate synthetase

* 5’-Adenylylsulfate redu ctase
S-Adenosylm ethionine synthetase

* ADP-glucose pyro phosphorylase
AIR synthetase
Alanine aminotransferase
Alco ho l dehydrogen ase
Aldehyde dehydrogenase
Aldehyde oxidase
Aldolase
Aldo se redu ctase
Allene oxide cyclase
Allyl alco ho l dehydro genase
A minotransferase A GD2, putative

* α-A mylase
* α-A mylase inhib itors
*α-A mylase/c hymtotrypsin inhib itor

β-A mylase (chloroplast)
* α-A mylase/subtilisin inhib itor
* α-A mylase/trypsin inhib itor
Apospory-associated protein
Argininosuccinate lyase
Argininosuccinate synthetase
Ascorbate  pero xidase
Aspartate aminotransferase
ATP  synthase, su α, ch loroplast
ATP  synthase, su α, vacuole
ATP  synthase, su β, ch loroplast
ATP  synthase, su β, mitoch ondrion
ATP  synthase, su δ, mitochondrio n

* ATP  synthase, su γ, ch loroplast
ATP-dep endent clp p rotease
ATP-dep endent DNA helicase
Auxin-induced protein
Avenins
Barley embryo glob ulin
Barwin
Branched-chain keto acid decarboxylase E1
Brittle-1 protein (Plastidial ADP-glucose transporter)
Carbonic anhydrase (chloroplast/cytosol)
Carboxyso mal protein (C cmM )
Catalase
Chapero nin 60 KD α, β su
Chitinase
Chloro plastic nucleoid DNA binding

Chloro phyll a/b binding protein (L H cIIb)
CoA-th io ester hydrolase
CP1 2
Cpn20
Cyclophilin
Cysteine protease
Cysteine synthase
Cytochro me c oxidase

* DAH P synthase
Dehydroascorbate redu ctase
Dessication-related protein
Diaminopimelate ep im erase (Lys)
Dihydrolipoamide acetyltransferase
Dihydrolipoamide dehydrogenase
Dihydroxyacid dehydratase (V al, Ile)
DXP redu ctoiso merase
Elon gation factor 1
Elon gation factor 1b
Elon gation factor 2
Elon gation factor G
Elon gation factor Tu
Elon gation factor EF-2
Endochitinase
Endoplasmin hom olog
Enolase
ER membran e protein
Eukaryotic  translation initiation factor eIF4 A
Ferred oxin
Ferred oxin-G O GAT
FKB P  peptidylprolyl cis-trans isom erase
Formate  dehydrogenase
10-F ormyltetrahydro folate synthase

* Fructose bispho sphatase
FtsZ  protein
Gcp E  protein
G DP-mann ose dehydratase
Germin-like protein
Globulin
Glucan branching enzym e
α-1,4-Glucan Phosphorylase
6-P-Gluc onate dehydrogenase

* Glucose 6-P dehydrogenase
β-Glucosidase
Glutam ate  dehydrogenase

* Glutamin e synthetase
Glutaredoxin-like protein
Glutathione pero xidase
Glutathione S-transferase
Glyceraldehyde 3-P dehydrogenase (N AD)

* Glyceraldehyde 3-P dehydrogenase (N ADP)
Glycerate kinase
Glycine cleavage system (H, P, T-proteins)
Glycinin
Glycogen synthase

Glyoxalase
GSA amino mutase
GSH dehydroascorbate redu ctase
Heat shock protein 17 .5 kDa class II
Heat shock protein 70 kDa
Imidazole glycero l phosphate synthase hisH F
Inorganic pyro phosphatase
Isocitrate dehydrogenase
Isocitrate dehydrogenase (N ADP)
Isocitrate lyase
3-Isopropylmalate dehydrogenase (Leu)
Isovaleryl-Co A dehydrogenase
α-K etoglutarate dehydrogenase complex su E2
Keto l-acid  redu ctoiso merase
Leucin e aminopeptidase
LMW g lutenin subunit
LytB
Mag nesium chelatase
Malate dehydrogenase (N AD)

*Malate dehydrogenase (N ADP)
Malic  enzyme (chloroplast)
Malonyl CoA ACP transacylase
Man nitol dehydrogenase
Mercaptopyruvate su lfu rtransferase

*Meth io nine su lfoxide redu ctase
Meth io nine synthase
Methylmalonate-semiald ehyde dehydrogenase
Myrosinase
NAD H-G O GAT
NAD H-ubiquino ne oxidored uctase
Nitrite reductase (F d)
Non-specific lipid  transfer protein
Nucleoside diph osphate kinase
OEE 1
OEE 2
Ornithine carb amoyltransferase, pu tative
Peroxidase 1

*1-Cys Pero xiredoxin
*2-Cys Pero xiredoxin
*Peroxiredoxin type II
P-Glycerate dehydrogenase
Phospho gluc omutase
Phospho glycerate kinase
Phospho glycerate mutase
Phospholip id hydroperoxide GSH redu ctase

*Phosphoribulokinase
Photosystem I, su  N
Photosystem I, su  psaK
Phycobilisom e lin ker (L CM)
Plastocyanin
Po ly(A)-b in ding protein
Porin (VDA C)
Porphobilinogen synthase

*PPi-fructose-6-P 1-ph osphotransferase

Profilin
26S  Proteasom e regulatory S12 su
Protein  d isulfide isom erase
2S Pro teins
Pyruvate dehydrogenase E1
Pyruvate Pi dikinase
Ran
RB6 0  PDI
28 k Da R ib onucleopro tein
Ribose 5P iso merase
30S  Ribosom al protein S1
30S  Ribosom al protein S3
Ribosom al protein S6 (PrpS 6)
Ribosom al protein SR
Ribu lose-P 3-epim erase
Rieske FeS protein
RNA binding protein
RNA po lymerase subunit
RPN 12

* Rubisco activase
Rubisco L, S su

* Sedoh eptulose bispho sphatase
Serine hydroxymethyl transferase
Serine protease-like
Serp in
Soybean seed maturation protein
Starch bran ch in g enzym e IIa
Stress-in duced protein , sti-1  lik e
Subtilis in/chymotryp sin inhib itor
Succin ate dehydrogenase
Succin yl-CoA lig ase
Sugar-nucleo tide ep im erase
Su lfate adenylyltransferase
Su lfite  redu ctase
Superoxide dism utase (C u-Zn)
Superoxide dism utase Mn
Thaum atin-like protein
Th iamin  biosynthesis protein
Th iazole  biosynthetic enzyme
Threon in e synthase (T hr)
Transketolase
Tricitin
Trioseph osphate isom erase
Tryp sin inhibitor
Tryptoph an sythase β chain I
Tubulin
Ubiquinol-cytoc hrom e c  redu ctase
Ubiquitin  conjug ating enzym e E2
UDP-glucose PPase
Uroporphyrinog en decarboxylase
Valyl-tRNA synthetase (V alS)

* Identified prior to  proteo mics
Journal of Biological Chemistry 

http://pmcb.ifas.ufl.edu/
http://pmcb.ifas.ufl.edu/


Factors limiting big data 

 Proteomics data generation: instrumentation and 
technology for high sensitivity, selectivity and throughput. 
     - hypothesis generation to testing 
     - scale, speed and coverage 

 
 
 Proteomics data storage and archiving, quality control, 

release and access, Trans-Proteomic Pipeline  
 

 Informatics: statistical/bioinformatic 
anlysis, networking and modeling. 
 

 Data standard and sharing 
 
 Training of young scientists 

BIG  
DATA 

The world’s first  
“Tribrid” LC-MS 

Presenter
Presentation Notes
Whoever (person, grouping, country) learns to store, access and analyse such data will gain a huge scientific and commercial advantage



Current state and future perspectives 
 Instrument and technology development and data 

generation continues to be in the active phase 
 
 Cloud storage, back up and archiving, as well as large 

scale data analysis 
 

 Open source, software interface development for non-
bioinformaticians – statistics, modeling and networking 

 
 Proteomics standard (MIAPE) and data sharing: reusing  
 
 Cross-disciplinary collaboration and training, e.g., 

analytical chemistry, molecular biology, biochemistry, 
statistics and bioinformatics 

 
 Big data, big challenges and big opportunities 
 

Presenter
Presentation Notes
The Minimum Information About a Proteomics Experiment (MIAPE)
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