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Annexure-I

Functional Analyses of two Dual-members Arabidopsis RING E3 Families: 

By controlling half-life of critical regulatory factors, ubiquitin proteasomes pathway plays an important role in plant growth and development. We have identified two dual-member RING-type ligase family UQI1 and 2, designated as Ubiquitin-interacting protein 1 and 2. Examined by RT-PCR, transcript expression of the two UQI1 and 2 families; all are constitutively expressed in all tissues, in which relatively higher expression was detected in flower. Both families of E3 ligases showed autoubiquitination activity with UBC8. The conserved residues in their RING domains are essential for catalytic activity as determined by mutagenesis.   According to functional analyses of E3 ligases under study; the following projects are under progress:

1. Functional analyses in Arabidopsis thaliana showed that UQI1A is involved in control of photoperiodic flowering. The T-DNA inserted Arabidopsis UQI1A mutant lines; uqi1a-1 and uqi1a-2 showed early flowering under short day conditions (SD; 8hrs D/16 hrs N). Since UQI1A and 1B are homologue. But mutant lines of UQI1B; uqi1b-1 (Col0) and uqi1b-2 (WS-4) did not show flowering phenotype. Double mutants of UQI1A and UQI1B were created by crossing uqi1a-2 (Col0) and uqi1b-1 (Col0) mutant. But double mutants also show the same phenotype as uqi1a-2. The steady state level UQI1A showed a diurnal pattern under SD and LD conditions. Microarray was performed at two time points; when UQI1A express low (ZT0) and high (ZT9). 
Differential expression of genes associated with primary/secondary metabolite, jasmonate and salicylic acid biosynthesis was observed at two time points.  A reciprocal expression of the genes was observed at two time points. Most of the genes express high or absent at ZT0 (when UQI1A express low) and express low or absent at ZT9 (when UQI1A express high). Since uqi1a-2 is showing early flowering under SD. Earlier studies have been shown that iron responsive bHLH transcription factors family (bHLH38, 39, 100 and 101)  and pathogenies related genes; PDFs involved in controlling the period length and flowering in various flowering pathways (photoperiod, vernalization, gibberellic acid and autonomous pathways) respectively. Iron responsive transcription factor; bHLHs (bHLH38, 39, 100 and 101) were upregulated at ZT0 whereas pathogenies related genes; PDFs (PDF 1.2a, b and c, and PDF1.3) were upregulated at ZT0 and downregulted at ZT9 in ruf1a-2 mutant.

Early flowering phenotype was supported by increased level of FLOWERING LOCUS T (FT) and CONSTANS (CO) in uqi1a-2 Arabidopsis mutant plants. These results show UQI1A functions close to the circadian clock for photoperiodic flowering control (Manuscript prepared and given to PI for correction) 

2. Mutant of uqi1a also showed insensitivity to phosphate starvation and less anthocyanin accumulation than wild Col0. Microarray analyses showed gene RNS1 is dramatically down regulated at ZT9 in ruf1a mutant compared to wild Col0. Earlier studies have shown RNS1 respond to phosphate starvation. This phenotype was more significant under high light intensity and continuous light conditions than SD or LD conditions.  Further we will study the mechanisms of gene down regulation by CHIP analyses. This study shows the circadian connection of phosphate nutrition in Arabidopsis.

3. For UQI1B; we have two mutants; uqi1b-1 (Col0) and uqi1b-2 (WS-4). UQI1B mutant did not show flowering phenotype. Then its phenotype was studied separately.  uqi1b-1 mutant showed pleiotropic phenotype (like water stress, root and seed germination insensitivy to H2O2, reduced growth with short stature, small rosette leaves and less seed yield, more stomatal opening, early senescence, insensitivity to phosphate starvation and sensitivity to auxins). But these phenotypes were not complemented by introducing wild cDNA of UQI1B in to mutant plants. Microarray analyses showed that there is MAPK12 chromosomal translocation or deletion not due to ruf1b. Hence all phenotype studied are associated with MAPK12. Some of the phenotype related MAPK12 are already published: 

Des Marais DL, Auchincloss LC, Sukamtoh E, McKay JK, Logan T, Richards JH, Juenger TE (2014) Variation in MPK12 affects water use efficiency in Arabidopsis and reveals a pleiotropic link between guard cell size and ABA response. Proc Natl Acad Sci U S A 111: 2836-2841

Jammes F, Song C, Shin D, Munemasa S, Takeda K, Gu D, Cho D, Lee S, Giordo R, Sritubtim S, Leonhardt N, Ellis BE, Murata Y, Kwak JM (2009) MAP kinases MPK9 and MPK12 are preferentially expressed in guard cells and positively regulate ROS-mediated ABA signaling. Proc Natl Acad Sci U S A 106: 20520-20525

Jammes F, Yang X, Xiao S, Kwak JM (2011) Two Arabidopsis guard cell-preferential MAPK genes, MPK9 and MPK12, function in biotic stress response. Plant Signal Behav 6: 1875-1877

Juenger TE, Mckay JK, Hausmann N, Keurentjes JJ, Sen S, Stowe KA, Dawson TE, Simms EL, Richards JH (2005) Identification and characterization of QTL underlying whole‐plant physiology in Arabidopsis thaliana: δ13C, stomatal conductance and transpiration efficiency. Plant, Cell & Environment 28: 697-708

Lee JS, Wang S, Sritubtim S, Chen JG, Ellis BE (2009) Arabidopsis mitogen-activated protein kinase MPK12 interacts with the MAPK phosphatase IBR5 and regulates auxin signaling. Plant J 57: 975-985)

Still some of the phenotype of MAPK12 are not repoterd.  Now I am  are trying to complement with MAPK12 and observing new phenotype associated with MAPK12.  Also  I have depeloped overexperssion lines to study the phenotype.(Because of this problems project was delayed; then again single and double mutant in Col0 background were generated by  back crossing four times uqi1b-2 (ws4) mutant with wild col0 and ruf1a-2 (Col0))

4. From microarray data analyses; many genes associated with jasmonate and salicylic acid biosynthesis pathway are down regulated at ZT9. It was recently repoterd that Arabidopsis plants  shows higher resistance against  pathogen at dawn 


(Wang et al., 2011; Zhang et al., 2013) ADDIN EN.CITE . Methyl jasmonate and salicylic acid control insect and pathogen attack. Biosynthesis of methyle jasmonate and salicylic acid is also regulated diurnally 


(Goodspeed et al., 2012) ADDIN EN.CITE . It is intersting to study the pathogen and insect defence in uqi1a mutant circadianlly  and regulation of  of  jasmonate and salicylic acid biosynthesis pathway  genes epigenetically.
Goodspeed D, Chehab EW, Min-Venditti A, Braam J, Covington MF (2012) Arabidopsis synchronizes jasmonate-mediated defense with insect circadian behavior. Proc Natl Acad Sci U S A 109: 4674-4677

Wang W, Barnaby JY, Tada Y, Li H, Tor M, Caldelari D, Lee DU, Fu XD, Dong X (2011) Timing of plant immune responses by a central circadian regulator. Nature 470: 110-114

Zhang C, Xie Q, Anderson RG, Ng G, Seitz NC, Peterson T, McClung CR, McDowell JM, Kong D, Kwak JM, Lu H (2013) Crosstalk between the circadian clock and innate immunity in Arabidopsis. PLoS Pathog 9: e1003370



5. Functional analyses in Arabidopsis thaliana showed that UQI2A and 2B are involved in sensitivity to ABA. The T-DNA inserted Arabidopsis single and double mutant lines of uqi2a and 2b showed sensitivity ABA and salt. UQI2A variant mutated at RING domain in wild type background also showed sensitivity to ABA; whereas UQI2A wild cDNA in wild type background showed insensitivity to ABA. But the phenotype was not much significant. Hence the project was stopped in mid-way.
Annexure-II

Adaptive mechanism of plants at high altitude with respect to photosynthetic and related metabolism
Plants in high altitudes (HA) in Himalayan regions experience high radiation load, low partial pressure of gases, limited soil nitrogen and so on. Working intensely on high altitude biology [Photosynthetica 47: 41-45 (2009); 46:611-614 (2008), 45: 70-74 (2007); 44:136-139 (2006); 43: 195-201 (2005); 42: 303-305 (2004) ] significantly, we published for the first time a carbon sequestering pathway operative in the plants at HA that also conserves nitrogen. Pathway tracing using radiotracer coupled with enzymatic and physiological data led to deciphering the pathway that suggested that phosphoenolpyruvate carboxylase (PEPCase) sequestered CO2 from atmosphere and/or that generated metabolically in C3 plants, in parallel to ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco), and oxaloacetate thus produced could be additionally channelised for aspartate synthesis using glutamate as a source of ammonia, thus conserving C and N in the HA environment [Photosynth. Res. 88: 63-71, (2006); J. Plant Physiol. 164: 31-38 (2007)]. The work has implications in generating transgenic plants conserving C and N hence requiring less N application but improved productivity.

