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Figure 2: Mutants 4442-4 and 4255-1 have increased PDH1pro:LUC2 activity and increased 

proline accumulation at low ψw. 

A. Representative false color luminescence images of wild type and mutants in the 

unstressed control and after 96 h at -1.0 MPa low ψw treatment. 

B. Quantification of PDH1pro:LUC2 activity in 4442-1 and 4255-1.  Data are means ± S.E. 

(n=4-15).  Significant differences (p ≥ 0.05) compared to wild type in the same treatment 

are marked (*). Luminescence intensities are given in photons (p) per second (s) per cm2 

per steradian (sr). 

C. Proline accumulation unstressed control (-0.25 MPa) or low ψw stress (-1.2 MPa) for wild 

type (W.T.) and mutants.  Data are means ± S.E. (n=3-9).  Significant differences (p ≥ 

0.05) compared to wild type in the same treatment are marked (*).  Note for W.T. is the 

unmutagenized PDH1pro:LUC2 line for all experiments in panels A-C. 

D. PDH1 gene expression in Col-0 wild type, 4442-4 and two T-DNA alleles of cyp86a2 in 

the unstressed control treatment or at 96 h after transfer to -1.2 MPa stress.  Data are 

means ± S.E. (n=3).  Significant differences (p ≥ 0.05) compared to wild type in the same 

treatment are marked (*).  Expression of additional proline metabolism genes in these 

mutants is shown in Supplemental Figure S4. 
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Figure 4: Effects of cyp86a2 and lacs2 mutants on proline metabolism and identification of 

additional cuticle lipid-related mutants with increased proline accumulation at low ψw. 

A. Western blot of PDH1 and P5CS1 protein levels in Col-0, W.T. PDH1pro:LUC2 and 

cyp86a2 and lacs2 mutants.  p5cs1-4 and pdh1-2 were included to show the specificity of 

the antisera.  Blots were stripped and reprobed with antisera recognizing HSC70 as a 

loading control. 50 µg of protein was loaded in each lane. 

B. Effect of a range of low ψw, salt, or ABA treatments on proline accumulation of Col-0 

wild type and cyp86a2 mutants.  Data are means ± S.E. (n=8-12) from two experiments.  

Significant differences (p ≥ 0.05) compared to wild type in the same treatment are 

marked (*). 

C. Stress-induced (-1.2 MPa, 96 h) proline accumulation in cuticle metabolism mutants.  

Data are means ± S.E. (n=11-24) from two experiments.  Significant differences (p ≥ 

0.05) compared to wild type are marked (*).  For ced1, cyp77a6 and cyp86a4 the data 

shown are combined from 2-3 T-DNA alleles which showed identical phenotype.  

Additional information and RT-PCR verification of T-DNA mutants can be found in Fig 

S10.  
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Figure 5: Effect of DTT and reactive oxygen scavengers AsA and DMTU on proline 1 

accumulation and PDH1pro:LUC2 activity. 2 

A. Effect of DTT treatment on proline accumulation of seedlings at high ψw.  Data are means 3 

± S.E. (n=10-44) combined from three experiments.  Significant differences (p ≥ 0.05) 4 

compared to wild type in the same treatment or between 0 and 5 mM DTT treatment of 5 

wild type are marked (*).  6 

B. Effect of DTT treatment at -1.2 MPa on proline accumulation.  Data are means ± S.E. 7 

(n=10-44) combined from three experiments.  Significant differences (p ≥ 0.05) 8 

compared to wild type are marked (*). 9 

C. Effect of AsA and DMTU on proline levels at -0.25 and -1.2 MPa. Data are means ± S.E. 10 

(n=10-44) combined from three experiments.  Significant differences (p ≥ 0.05) 11 

compared to the mock treatment are marked (*). 12 

D. Effect of AsA on PDH1pro:LUC2 activity in wild type, 4442-4 and 4255-1 at high (-0.25 13 

MPa) or low ψw (-1.2 MPa).  Data are means ± S.E. (n=10-44) combined from three 14 

experiments.  Significant differences (p ≥ 0.05) compared to the mock treatment are 15 

marked (*). 16 

E. Effect of DMTU on PDH1pro:LUC2 activity in wild type, 4442-4 and 4255-1.  Data are 17 

means ± S.E. (n=10-44) combined from three experiments.  Significant differences (p ≥ 18 

0.05) compared to the mock treatment are marked (*). 19 

F.  False color imaging of PDH1pro:LUC2 activity in representative seedlings from the 20 

experiments reported in E. 21 
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Figure 6: Effect of DPI on proline accumulation and PDH1pro:LUC2 activity. 
A. Effect of DPI (2.5 µM) on proline accumulation of seedlings at high (-0.25 MPa) or low 

(-1.2 MPa) ψw.  Data are means ± S.E. (n=14-18) combined from three experiments.  

Significant differences (p ≥ 0.05) compared to wild type (Col-0) in the same treatment or 

between mock and DPI treatment of Col-0 are marked (*).  

B. Effect of DPI on PDH1pro:LUC2 activity in wild type, 4442-4 and 4255-1 at high (-0.25 

MPa) or low (-1.2 MPa) ψw.  Data are means ± S.E. (n=10-44) combined from three 

experiments.  Significant differences (p ≥ 0.05) compared to the mock treatment are 

marked (*). 

C. False color imaging of PDH1pro:LUC2 activity in representative seedlings from the 

experiments reported in B. 
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Figure 7: RNA sequencing of Col-0 wild type and p5cs1-4 shows the effect of proline on 
chloroplast and mitochondria metabolism and identifies additional lipid metabolism loci 
affecting proline accumulation. 
A. Plot of RPKM values for Col-0 in the unstressed control versus Col-0 after 96 h low ψw 
(-1.2 MPa) treatment.  Significantly up- or down-regulated genes are indicated by red or blue 
circles, respectively while other data points are plotted in grey.  Complete listing of RPKM 
values can be found in Supplemental Table S1 and lists of significantly up or down regulated 
genes as well as significantly enriched GO terms can be found in Supplemental Tables S2 and 
S3. 
B. Plots of RPKM values for p5cs1-4 versus Col-0 wild type in the unstressed control 
treatment and after 96 h low ψw treatment.  Data presentation is as described for A.  Complete 
listing of RPKM values can be found in Supplemental Table S1 and lists of significantly up or 
down regulated genes in p5cs1-4 in both control and stress treatments along with listing of 
significantly enriched GO terms can be found in Supplemental Tables S4-S7. 
C. Comparison of low ψw up- or down-regulated genes identified by RNA sequencing to 
those identified by previous microarray analysis of the same stress treatment. 
D. Comparison of genes up- or down regulated in p5cs1-4 in the control and low ψw stress 
treatment. 
E. Comparison of fold change in gene expression detected by RNA sequencing versus fold 
change detected by QPCR for selected genes down-regulated in p5cs1-4.  QPCR data are means 
± S.E. (n5-6) from two experiments.  Ratios significant different (p ≥ 0.05) from 1 based on one 
sided T-test are indicated.   
F. Proline levels in unstressed control (-0.25 MPa) or after 96 h low ψw treatment (-1.2 
MPa) for Col-0 wild type and cac3 mutant.  Data are means ± S.E. (n=15-18) from three 
experiments.  Significant difference (p ≥ 0.05) compared to wild type in the same treatment is 
marked (*).  Effect of the KCS inhibitor cafenstrole on proline accumulation at high or low ψw.  
Data are means ± S.E. (n=15-18) from three experiments.  Significant differences (p ≥ 0.05) 
compared to wild type in the same treatment are marked (*).  www.plantphysiol.orgon June 23, 2017 - Published by Downloaded from 
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