
- Improves 

mitochondrial 

function

- Potent 
topoisomerase 
inhibitor-
antiproliferative

- Extends 
lifespan in yeast 
and mice

- Sold as anti-
oxidant 
nutritional 
supplement: a 
‘nutraceutical’

trans-resveratrol, 
abundant in red 
grape skins

FAPESP-SPRINT 2015 Project “The 
auto-regulatory loop involving 
miR828, TAS4, and target MYB 
transcription factors: basic and 
applied studies” by Rock, Maia, 
and Domingues.
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Salutory facts: 35% of cancer deaths are caused by diet.  Americans spent $33b out of pocket for 
alternative medicines in 2007, 1.5% of total health expenditures.  Natural products, including 
polyphenolic nutraceutical supplements, were ~18% of this figure. Global sales of chemotherapy drug 
paxlitaxel, from bark of Pacific yew, has polyphenolic moieties synthesized from amino acid 
phenylalanine, exceeds $1b/yr



“Arance, lime, limoni, e lumie” (1715) Bartolomeo Bimbi, Villa Medicea di Poggio a Caiano, Castello 1910, n. 594

Is regulation by small RNAs 
conserved, or “an abominable 
mystery?”

What about flavonoids in 
other species? e.g. cotton 



Darwin’s 
1837 
notebook 
showing 
Tree of Life 
sketch

“Natura non facit saltum”
Gottfried Leibniz (1704?) New Essays

Molecular studies have led to the first 
coherent view of plant phylogeny, but 
many questions remain, e.g.: 
convergence among distant taxa, rapid
adaptive radiation, historical 
biogeography, and “evo-devo” and “eco-evo-devo”

Darwin was first and foremost a plant physiologist, 
publishing 7 books

 “evolution by descent w/ gradual modification”



Phylogenetic evidence inferred from complete genomes that TAS4-3’D4(-) 
small interfering RNA regulates novel MYBs in dicots, including cold-inducible 

CsRUBY 1 controlling anthocyanin biosynthesis in citrus

Rock (2013)

Csi-TAS43’D4(-)rc
http://citrus.hzau.edu.cn/orange/

1.  Butelli E et al.  (2012) Plant Cell  24: 1242



Trillium ovatum ; Pacific 
trillium, “wakerobin”

Xerophyllum
asphodeloides;
“turkey’s beard” 

Musa acuminata; banana 

Musa
miR828

Trillium
miR828 miR828

aka 
“insulin 
plant”

Phoenix dactylifera; miR828 MYBs √

Existence of 
functional 

MIR828 loci and 
predicted MYB 

targets in fleshy-
fruited 

monocots and 
gymnosperms

Curcuma longa, source of curcumin
Near ginger relative of Costus pictus

EVIDENCE:

Still needed: evidence of 
loss/change in Xerophyllum
(in process)

Hao et al. (2012) Physiol Plant 146: 388

Costus pictus



(right) Leaf margins of a red grape 

variety show anthocyanin accumulation 

at the battle front: Pierce's disease.  

Arrows point to concentric bands of 

anthocyanin pigments.  

(above) berry blotch caused 
by the fungus Cercospora
coffeicola. (left:) symptoms of 
verticillium wilt of cotton

Data from Loss-Morais G, Ferreira DCR, Margis R, Alves-Ferreira M, Corrêa
RL. (2014) “Identification of novel and conserved microRNAs in Coffea
canephora and Coffea arabica.” Genet Mol Biol 37: 671-682

Hypothesis: TAS4 and its effector miR828 modulation functions to regulate 

grape and coffee nutraceutical anthocyanins during berry ripening, and 

Pierce’s disease (Xylella fastidiosa), verticillium wilt, and Cercospora

polyphenolic/ligification defense responses 



Collaborative project: “The auto-regulatory loop involving miR828, 
TAS4, and target MYB transcription factors: basic and applied studies”

• Prior work by Ph.D. student Alessandra Nunes-Leitz showed ucp1 and ucp2 mutants had higher 
osmotic stress tolerance in seed germination and reduced root growth inhibition, suggesting altered 
plant stress hormone abscisic acid (ABA) responses.  

– She identified 800+ genes misregulated in plants over-expressing UCP1; many of them function in 
energy metabolism and redox homeostasis.  

– Unexpectedly, in ucp3 mutants the UCP1 and UCP2 genes were elevated, suggesting some 
feedback regulatory mechanism exists that intersects ABA response pathways. PLoS ONE 10 (6): 
e0130744 (2015); PLoS ONE 6(8): e23776 (2011)

• I had shown previously that ABA and sugar/energy status regulates microRNA828, which negatively 
controls target transcription factors (MYB75, MYB90, and MYB113)- effectors of anti-oxidant 
anthocyanin biosynthesis. Plant Mol. Biol. 80: 117 (2012); Trends Plant Sci. 18: 601-610 (2013)

• THEREFORE, we will test whether UCP gene regulation is subject to modulation by the miR828 
pathway, and if resultant antioxidant anthocyanins function in mt oxidative tolerance.

• The significance of this hypothesized interaction is a deeper understanding of the 
mechanisms of plant oxidative stress adaptation, with potential for translation to crops, 
especially citrus, banana, cocoa, cotton, and coffee, including pathogen stress responses 

• Uncoupling proteins (UCPs) belong to the mitochondrial anion carrier family
• function at the inner membrane
• dissipate the proton electrochemical gradient 
• affect the yield of ATP (energy) synthesis for metabolism, growth and 

development.
• UCP overexpression in plants correlates with oxidative stress tolerance, 

improved photosynthetic efficiency & increased mt biogenesis. Ivan de Godoy Maia



Progress in our labs to date
• The knock-down (KD) insertional 

mutant of AtUCP2 resulted in higher 
ATP levels compared to wild type, 
while the KD of AtUCP3 had no 
effect. 

• The KD of AtUCP2 decreased the 
total number of leaves, increased 
flowering time and the number of 
sterile siliques.

• No significant phenotypic alterations 
were observed in the atucp3
insertion mutant compared to wild 
type.

• Both ucp2 and ucp3 KD mutants 
accumulated more superoxide 
within mitochondria as compared to 
controls, indicating that both UCPs 
contribute to ROS homeostasis

• My lab is making pairwise double 
UCP knockdown lines to measure 
small RNA and messenger RNA 
derangements in response to 
osmotic and sugar stress inductions



UCP 1/2  PCR

500 bp
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Control  p1   p2   p3   p4   p5   p6  p7   p8   p9   p10

UCP2 Wild Type Amplification

UCP1 Wild Type Amplification

UCP2 Mutant Amplification

UCP1 Mutant Amplification

200 bp
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1kb

1.5 kb

Pl 1  Pl 2   Pl 3   Pl 4   Pl 5  Pl 6  Pl 7ControlColumbia

UCP1 Mutant Amplification 

UCP3 Mutant Amplification

UCP1 Wild Type Amplification

UCP3 Wild Type Amplification

UCP 1/3 PCR

The atucp1 T-DNA mutant (SAIL_536_G01; ABRC stock #CS874648) has been previously described. 
(Sweetlove et al 2006. Proc. Natl. Acad. Sci. U.S.A. 103:19587-92



Replicate RNA-Seq transcriptome results show field infection of grape leaves 
by Xylella fastidiosa, causal agent of Pierce’s Disease, results in significant 
inductions of VvUCP2 and VvUCP2-like, and down regulation of VvUCP1

UCP2- like, padj = 10-67

UCP2, padj = 10-5

UCP1; padj < 0.002
fill

fill

These data support our hypothesis that UCPs and MIR828/TAS4 are linked 

Expression levels  MIR828   TAS4

1       1

5.7    7.7



Cocktail party trivia:  what do Iguazú Falls and the Llano Estacado have in common?



Botucatu population is ~140k

From old Tupi name "ybytukatu" 
meaning "good wind“

Old Botucatu: a place of romantic characters such as coffee barons, 
musicians and poets and hinterland explorers. E.g. Conde de Serra 
Negra, who is locally considered the father of Lawrence of Arabia 
and Rhett Butler, is said to be buried there. Of note, Botucatu's
municipal council has declared war twice on Great Britain



Deliverables from the project to date
• Papers presented

– (poster, international conference) Nunes-Laitz A, Basu S, Azad Md.F., Harmon C, Sukumaran S, 
Domingues D, Maia I, Rock CD. "Effects of uncoupling protein mutants (ucp1-3) on regulation of 
microRNA828 and anthocyanin biosynthesis in Arabidopsis." 11th International Plant Molecular 
Biology Congress.  Oct. 24-30, 2015. Iguacu Falls, Brazil

– (poster #900-022, international conference) Dinghra A, Balasubramanian V, Basu S, Mendu V, 
Rock C. “The Wilty4 mutant in maize- effect on vascular bundle cell wall S/G lignin composition.” 
Plant Biology 2016: Annual Meeting of the American Society of Plant Biologists. July 9-13, 2016.  
Austin, TX.

– (poster #1000-063, international conference) Sukumaran S, Traore S, Azad Md.F, De La Fuente L, 
Rock C.  “Conservation of an autoregulatory feedback loop regulating anthocyanin biosynthesis in 
dicots.” (this presentation included material results on coffee). Plant Biology 2016: Annual 
Meeting of the American Society of Plant Biologists. July 9-13, 2016.  Austin, TX.

– (poster #P0263, international conference) Maia I.G., Vasconcellos A, Barreto P, Rock C, Arruda P. 
“Characterization of Arabidopsis insertion mutants for the mitochondrial uncoupling protein 
(UCP) genes AtUCP2 and AtUCP3.” International Plant and Animal Genome XXV Meeting. Jan. 14-
18, 2017. San Diego, CA.

– (poster, international conference) Nair D, Rock C. “Studies on microRNAs in select species of 
Zingiberales, Liliales, and Arecales: monocot orders that develop fleshy fruits.” Phenome 2017: 
Connecting the Bioeconomy. Feb. 10-14, 2017. Tucson, AZ.

– (oral presentation by Ph.D. student) Dinghra A, Rock CD. "Cloning and characterization of the 
Wilty4 locus of maize and its role in vascular development and stress adaptation.” 8th Texas Tech 
Annual Biological Sciences Symposium, TTABSS. April 8, 2017, Museum of Natural History, TTU, 
Lubbock. Won second prize for best paper in Cell and Molecular Biology division.

• Publications, peer reviewed
– Rock, C.D. (2017) “Phenylpropanoid metabolism.” In: eLS (Encyclopedia of Life Science). John Wiley 

& Sons, Ltd: Chichester. DOI: 10.1002/9780470015902.a0001912.pub2.
– Sunitha S, Loyola R, Alcalde JA, Arce-Johnson O, Matus JT, Rock CD. (submitted to Frontiers in Plant 

Science) “The role of UV-B light on microRNA activity during grapevine berry development.” 



Grants submitted from the project to date

• ORS#16-0904. “Evaluation of microRNA828 and downstream genes 
as a source of resistance to HLB within citrus genome.” C. Rock, PI. 
USDA-National Institute of Food and Agriculture Specialty Crop 
Research Initiative/Citrus Disease Research and Extension Emergency 
Response Program.  Letters of support from Brazilian colleagues 
Alessandra Alves and Helvecio D Coletta Filho. $700k, 3 yrs. 

• Pending: ORS#16-1210. “Cloning Wilty mutants of maize for 
translational improvements to biomass production.”  C. Rock, PI. 
USDA-Agriculture and Food Research Initiative, Foundational 
Program on Physiology of Agricultural Plants.  Potential to 
collaborate with Brazilian colleague Doug Domingues (Dr. Zingaretti? 
later talk) on sugarcane translational project. $500k, 3 yrs.

Bayer has ongoing partnerships with TTU and with Brazilian wineries 
and producers 
http://www.foodchainpartnership.cropscience.bayer.com/en/Brochures/SearchResults/Am
ericas/the_brazilian_wine_grape_project.aspx

Doug Domingues, Asst. 
Prof, UNESP Rio Claro

• ORS#15-1036. “Genome editing of MICRORNA828 and target effectors in sour orange 
and Mexican lime as a critical test of greening disease etiology.” C. Rock, PI. USDA-
National Institute of Food and Agriculture Specialty Crop Research Initiative/Citrus 
Disease Research and Extension Emergency Response Program.  $500k, 3 yrs. 

• ORS#16-0185. “Advancing understanding of MICRORNA828 and associated small 
interfering RNAs in polyphenolic synthesis and regulation in citrus, blueberry, and 
Curcuma longa.” C. Rock, PI. NIH Center for Complementary and Alternative Medicine 
R15.  $421k, 3 yrs. 

http://www.foodchainpartnership.cropscience.bayer.com/en/Brochures/SearchResults/Americas/the_brazilian_wine_grape_project.aspx


Obrigado!

Diego Morais, winner 
“Best act, public 
reaction” Botucantu ‘15

Julio Maia, postdoc @ 
IBB, Botucatu.  tomato 
genomics

hotel concierge 
Phillipe & friend, 
“Botucantu”

• Visited Laboratório Nacional de Biociências em Campinas to discuss collaborative prospects on 
plant-pathogen interactions with Dr. Celso Benedetti

• Visited Centro de Citricultura Sylvio Moreira do IAC em Cordeirópolis to give workshop talk to 
groups of Dra. Alessandra Alves de Souza e Dra. Mariângela Cristofani Yaly

Vocabulary:
Tamandua: ‘anteater’
Tatu: ‘armadillo’
Capybara: largest 
rodent in world 

Lunch at the 
churrascaria, every day 
like real Texans!


