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Supplemental Figure 1. Loss-of-function HOS15 mutant plants are sensitive to ABA. 

(A) Isolation and genotyping of T-DNA insertion hos15-2 mutant with primers listed in Table 

S1. 



(B) Abundance of HOS15 transcript in Col-0 (wild type), hos15-2 and two complemented lines 

expressing pHOS15::HOS15 in the hos15-2 background (CL #1 and CL #2). Total RNAs were 

extracted from 7-days old seedlings and qRT-PCR was performed. UBQ5 was used as internal 

control. Error bars show SD. 

(C) hos15-2 plants are sensitive to exogenous ABA during germination. Seeds of Col-0, hos15-

2, and complementation lines CL #1 and CL #2 were germinated on 1/2MS medium in 96-

wells plates with the indicated concentrations of ABA (μM) in a long-day chamber at 22ºC. 

Photographs were taken 5-days after germination. 

(D) Radicle emergence was counted at day 4. Error bars represent SE. Significant difference 

was determined by a Student’s t -test (*, p < 0.05). 

(E) hos15-2 plants show root growth retardation in response to ABA. Seeds of Col-0, hos15-2, 

CL #1 and CL #2 were germinated on 1/2MS agar medium with indicated concentration of 

ABA (μM). Plates were placed vertically in a growth chamber in long-day conditions at 22ºC. 

Photographs were taken 7-days after germination. 

(F) Graphical representation of root growth in (E). Three independent biological replicates 

were averaged. Error bars represent SE. Significant difference determined by Student’s t -test; 

(*, p<0.05) compared with Col-0 under ABA-treatment. 

  



 

Supplemental Figure 2. Dehydration stress responsive genes are highly induced in hos15-

2 under stress. 

(A) Abundance of stress responsive genes in hos15-2 plants under dehydration stress define 

their drought resistant phenotype. Expression of stress related genes in Col-0 and hos15-2. 

Seeds of wild types (Col-0), hos15-2 and complemented lines (CL #1 and CL #2) were cultured 

on 1/2MS medium for 2-weeks and then dehydrated at room temperature for 1 h. Total RNAs 

were extracted from those seedlings, and RT-qPCR analysis was performed. UBQ5 was used 

as internal control. Error bars show SD. 

(B) ABA-biosynthetic genes are highly upregulated in hos15-2 plants under dehydration stress. 

Seeds of wild types (Col-0) and indicated genotypes grown on 1/2MS medium for 2-week were 

dehydrated at room temperature for 1 h. Total RNAs were extracted from seedlings, and qRT-

PCR performed using UBQ5 as internal control. Error bars show SD. 

 



 

 

Supplemental Figure 3. ABA accumulation is marginally higher in hos15-2 than wild type 

plants. 

Seedlings of Col-0, hos15-2 and aba2-21 were grown for 10-days on MS plates. Six to 10 

seedlings from each genotype were put into empty plates for dehydration stress and ABA 

accumulation was analyzed at the indicated time points (upper plot). Results presented are as 

fold-change relative to control conditions. Error bars indicate SE (n=3 independent 

experiments). Significant difference was determined by a Student’s t-test (*P<0.05, 

**P<0.005). Lower panel shows the actual amount of ABA accumulation. 

  



 

Supplemental Figure 4. HOS15 interacts with ABA-signaling components in yeast two-

hybrid assay. 

(A) HOS15 interacts with OST1, SnRK2.3, ABI1 and ABI2 but not with ABA receptor PYR1 

or ABA responsive TFs in yeast-two-hybrid system. All tests were performed with HOS15 

protein as prey. OST1, SnRK2.2, SnRK2.3, ABI1, ABI2, PYR1, ABF1, ABF2, ABF3, ABF4, 

AREB3 and ABI5 were used as bait for monitoring their interactions. Growth without 



supplemental histidine (-His) reports protein interaction. Proteins SGT1 and RAR1 were used 

as positive controls, while HOS15 with empty bait vector was used as negative control. 

(B,C) ABA does not significantly affect HOS15 interaction with ABI1/2. HOS15-FLAG 

proteins together with HA-tagged ABI1 or ABI2 were transiently co-expressed in tobacco. 

Plants were treated with 100 μM ABA for 4 h. Total proteins were extracted and pulled down 

with FLAG antibodies. Anti-FLAG and anti-HA antibodies were used for immunoblotting. 

These results confirm and complement those shown in the main Figure 2D and 2E. Note that 

HOS15 was tagged with different epitopes in each experiment. 

(D) HOS15-OST1 interaction is stabilized by ABI1/2. Tobacco leaf epidermal cells co-

expressing HOS15-VN and OST1-VC alone and with additional co-expression of ABI1-HA or 

ABI2-HA, were analyzed by confocal microscopy. Relative fluorescence intensity was 

measured using ImageJ software. SE represents standard errors. Statistical analysis was 

performed using student’s t-test (*p<0.05). These results confirm and complement those shown 

in the main Figure 3A and 3D. 

  



 

Supplemental Figure 5. HOS15 interacts with DDB1-CUL4 and OST1. 

(A and B) HOS15 is a component of DDB1-CUL4 E3 ligase complex where HOS15 function 

as adaptor protein to link E3 ligase complex with the target protein. HOS15-GFP and DDB1-

HA (A) or CUL4-HA (B) proteins were transiently co-expressed in tobacco. Total proteins 

were extracted and pulled down with GFP antibodies. anti-GFP and anti-HA antibodies were 

used for immuno-blotting. (C) Presence of OST1 in complex with HOS15 and DDB1A. OST1-

HA, HOS15-GFP and DDB1-HA proteins were transiently co-expressed in tobacco. Total 

proteins extracts were treated as in (A) and (B). 

  



 

Supplemental Figure 6. HOS15 destabilizes OST1 and SnRK2.3 but not SnRK2.2.  

(A) hos15-2 mutation leads to over accumulation of OST1 protein. Seeds of Col-0, hos15-2, 

pSUPER::OST1-MYC #4, pSUPER::OST1-MYC #10, pSUPER::OST1-MYC/hos15-2 #7, and 

pSUPER::OST1-MYC/hos15-2 #28 were grown on 1/2MS medium for 1-week. Western-blot 

was carried out using anti-MYC. Tubulin was used as loading control. 



(B) HA-tagged SnRK2.3 protein was transiently expressed in tobacco together with HOS15-

HA. The concentration of Agrobacterium cells carrying the SnRK2.3-HA construct was kept 

constant (OD600 = 0.5), while those carrying the HOS15-HA construct were increased gradually 

from OD600 0.1 to 0.5. Bottom panels show transcript levels. 

(C) A similar experiment done with HA-tagged SnRK2.2 protein. HA-tagged SnRK2.2 protein 

was transiently expressed in tobacco together with HOS15-HA. Unlike SnRK2.3, increase in 

HOS15 concentration doesn’t influence SnRK2.2 stability. Bottom panels show transcript 

levels. 

(D,E) HOS15 affect ABI1/2 protein stability. Total proteins were extracted from plants 

expressing HA-tagged ABI1 (D) ABI2 (E) protein both in Col-0 and hos15-2 plants treated 

with 100 µM ABA. Immunoblot was carried out using anti-HA antibodies. CBB denotes 

Coomassie brilliant blue staining. 

(F-H) HOS15 destabilizes the OST1 protein. (F) Total proteins were extracted from Col-0, 

hos15-2 and transgenic plants expressing p35S::HOS15/hos15-2 (OX) or 

pHOS15::HOS15/hos15-2 (CL). Immunoblot was carried out using anti-HOS15. (G) 

Immunoblot was carried out using anti-OST1 or anti-HOS15 antibodies. (H) Relative band 

intensity of OST1 was measured using ImageJ software. SE represents standard errors. 

Statistical analysis was performed using student’s t-test (*p<0.05). 

  



 

Supplemental Figure 7. HOS15 tightly regulates OST1 protein level. 

(A) In response to exogenous ABA, reduction in OST1 level after 4 h is dependent on 

HOS15.Seven-day old seedlings of OST1-HA/Col-0 and OST1-HA/hos15-2 were treated with 

100 μM ABA for indicated time, after which total proteins were extracted and probed using 

anti-HA antibodies. CBB was used as loading control. 

(B) Transcript levels of OST1 in Col-0 (wild type) and in transgenic lines expressing 

p35S::OST1-HA in WT and hos15-2 backgrounds (OST1-HA/Col-0 and OST1-HA/hos15-2). 

Total RNAs were extracted from 7-days old seedlings and qRT-PCR was performed. UBQ5 

was used as internal control. Error bars represent SE (n=3 independent experiments). 

Significant difference was determined by a Student’s t -test; with a P-value of, *P<0.01. 

(C) OST1 degradation in a post-ABA scenario is promoted by HOS15.Seven-day old seedlings 

of indicated lines were treated with 100 μM ABA for 4 h and then ABA was removed by 

washing with MS liquid media four times (0 h indicates ABA treated seedlings). After removal 



of ABA, seedlings were then treated with CHX (100 μM for 2 h or 4 h) or CHX+MG132 (50 

μM for 4 h). Proteins were extracted and probed using anti-HA or anti-HOS15 antibodies. 

(D) Relative band intensity of OST1 protein in (C), quantified by ImageJ software. Error bars 

represent SE (n=3 independent experiments). Significant difference was determined by a 

Student’s t -test, with a P-value of *P<0.05. Black and white bars represents OST1 protein Col-

0 and hos15-2 respectively. 

 

  



 

Supplemental Figure 8. OST1 protein is degraded in a HOS15-dependent manner. 

(A) 10-d-old seedlings were treated with 100 μΜ ABA and CHX. Seedlings were then 

grounded in liquid nitrogen and western blot was carried out with anti-OST1 or anti-HOS15 

antibodies. In the wild type OST1 degrades very rapidly, while in hos15-2 plants OST1 was 

stable up to 8 hrs. CHX was used together with ABA because OST1 positively regulates its 

own transcription in the presence of ABA (Kong et al., 2015). 

(B) Relative band intensity of OST1 protein in (A), quantified by ImageJ software. Error bars 

represent SE (n=3 independent experiments). Significant difference was determined by 

Student’s t-test, with a P-value of p<0.05 (*). Black and white bars represent OST1 protein in 

Col-0 and hos15-2 respectively. 

(C) Total proteins were extracted from the indicated lines and immunoblotting was carried out 

using OST1 native antibodies. Mutant ost1-3 was used as a negative control. OST1 size is near 

to 42 kDa as indicated by the straight arrow. Non-specific bands near 50 and 37 kDa indicated 

equal loading. 

(D) In-gel kinase assay showing OST1 kinase activity in Col-0 and hos15-2 plants. Ten-day-

old seedlings of the indicated genotypes were treated with 100 μM ABA for 4 h. Proteins were 

extracted and 50 µg of total proteins from each sample was resolved by 10% SDS-PAGE 

containing embedded myelin basic protein (MBP) for an in-gel kinase assay. ost1-3 plants were 

used as negative control. Shown are the autoradiographs (upper panel) of SDS-polyacrylamide 



gels, depicting signals from the in-gel kinase assay on resolved proteins. Arrow indicates the 

OST1 size near 42 kDa. Western blot of the indicated lines was carried out to confirm the 

presence of OST1 protein (middle panel). CBB was used as loading control. 

 

  



 

 

Supplemental Figure 9. OST1 protein is unstable in abi1-1 dominant mutant but 

accumulates in abi1-2 and abi2-2 knockout mutants. 

Western blots to detect endogenous levels of OST1 were carried out in 10-d-old seedlings of 

the indicated genotypes treated with 100 μM CHX alone or together with 50 μM MG132. Left 

panel is OST1 protein detected by anti-OST1 antibodies, the middle panel is the HOS15 protein 

detected by anti-HOS15 antibodies, and the right panel compares protein loading. In abi1-1 

plants OST1 was unstable as compared to abi1-2 or abi2-2, indicating that dephosphorylated 

OST1 is degraded more rapidly. Band intensity of OST1 protein was measured using ImageJ 

software. Error bars represent SE (n=3 independent experiments). Significant difference was 

determined by Student’s t-test, with a P-value of p<0.05 (*). 

 

  



 

Supplemental Figure 10. OST1-OX/hos15-2 plants show similar phenotype to as that of 

hos15-2 under ABA and drought stresses. 

(A) Overexpression of OST1 in hos15-2 background instead of Col-0, enhances ABA 

sensitivity. Seeds of Col-0, hos15-2, pSUPER::OST1-MYC #4 and pSUPER::OST1-

MYC/hos15-2 #28were germinated on1/2MS medium with the indicated supplement of ABA. 

Photographs were taken 5-days after germination. 

(B) Radicle emergence in (A) was counted after 4 days. 

(C) Drought tolerant phenotype of hos15-2 plants are due to OST1 over accumulation. Three-

week-old plants of genotypes Col-0, hos15-2, ost1-3, pSUPER::OST1-MYC #4 and 

pSUPER::OST1-MYC/hos15-2 #28were submitted to drought tolerance assay by withholding 

water for 14 days and subsequent re-watering. Photographs were taken 2-days after re-watering. 

Survival rate (percentage) is shown in bottom. 

  



 

Supplemental Figure 11. The distribution of parameters of the 103 models, which successfully 

simulate the OST1 timecourse in response to the ABA signal. 

  



 

 

Supplemental Figure 12. Stress-adaptation response of ABA via HOS15.  

(A) (Resting phase) Under regular non-stress conditions ABI1/2 and HOS15 interact with 

OST1. ABI1/2 inhibits OST1 activity by de-phosphorylation and HOS15 degrades OST1 to 

keep it in a low-abundance resting state. Here, gray P denotes the inactive (de-phosphorylated) 

form of OST1. 

(B) (Activation) In response to ABA, PYR1 binds to ABA and recruits ABI1/2, thus releasing 

OST1 from sequestration with ABI1/2. HOS15 and OST1 interaction is also diminished by 

ABA, which leads to OST1 stabilization and activation. OST1 is first auto-phosphorylated and 

then trans-phosphorylates target TFs. Here, red P denotes the active (phosphorylated) form of 

OST1. 

(C) (De-activation and desensitization) After removal of ABA from the system, ABI1/2 again 

interact with and dephosphorylate OST1, promoting OST1 degradation via HOS15. However, 

the persistenceof ABA also leads to destabilization of OST1 due to the accumulation of ABI1/2, 

which initiates desensitization and the return to homeostatic conditions. HOS15-dependent 

degradation OST1 allows fine-tuning the intensity of ABA signaling and the eventual 

desensitization. 

  



Supplementary Tables 

Table S1. Primers used for cloning 

Name 

AREB3-attB1 

Sequence 

AAAAAAGCAGGCTTCATGGATTCTCAGAGGGGTATT 

AREB3-attB2 AGAAAGCTGGGTCTCAGAAAGGAGCCGAGCTTGT 

ABF1-attB1 AAAAAAGCAGGCTTCATGGGTACTCACATTGATAT 

ABF1-attB2 AGAAAGCTGGGTCTCACCTTCTTACCACGGACCGG 

ABF2-attB1 AAAAAAGCAGGCTTCATGGATGGTAGTATGAATTT 

ABF2-attB2 AGAAAGCTGGGTCTCACCAAGGTCCCGACTCTGTC 

ABF3-attB1 AAAAAAGCAGGCTTCATGGGGTCTAGATTAAACTTC 

ABF3-attB2 AGAAAGCTGGGTCCTACCAGGGACCCGTCAATGT 

ABF4-attB1 AAAAAAGCAGGCTTCATGGGAACTCACATCAATTTC 

ABF4-attB2 AGAAAGCTGGGTCTCACCATGGTCCGGTTAATGT 

ABI1-attB1 AAAAAAGCAGGCTTCATGGAGGAAGTATCTCCGGC 

ABI1-attB2 AGAAAGCTGGGTCTCAGTTCAAGGGTTTGCTCT 

ABI2-attB1 AAAAAAGCAGGCTTCATGGACGAAGTTTCTCCTGC 

ABI2-attB2 AGAAAGCTGGGTCTCAATTCAAGGATTTGCTCT 

ABI5-attB1 AAAAAAGCAGGCTTCATGGTAACTAGAGAAACGAA 

ABI5-attB2 AGAAAGCTGGGTCTTAGAGTGGACAACTCGGGT 

CUL4 attB1 AAAAAAGCAGGCTTCATGTCTCTTCCTACCAAACGCTCT 

CUL4 attB2 AGAAAGCTGGGTCAGCAAGATAATTGTATATCTGAGG 

DDB1A attB1 AAAAAAGCAGGCTTAATGAGCTCATGGAACTACGTTGTTAC 

DDB1A attB2 AGAAAGCTGGGTCGTGAAGCCTAGTGAGTTCTTCAAC 

HOS15 pro attB1 AAAAAAGCAGGCTTAGCATGATTCCGATTCCGATGAGTCAA 

HOS15 FL-F attB1 AAAAAAGCAGGCTTAATGTCTTCACTTACCTCCGTCG 

HOS15 FL-R attB2 AGAAAGCTGGGTGCTACATTCTGAAATCAAGAACG 

OST1. attB1 AAAAAAGCAGGCTTCATGGATCGACCAGCAGTGAGT 

OST1. attB2 AGAAAGCTGGGTCCATTGCGTACACAATCTCTCC 

PYR1. attB1 AAAAAAGCAGGCTTCATGCCTTCGGAGTTAACACC 

PYR1. attB2 AGAAAGCTGGGTCTCACGTCACCTGAGAACCAC 

SnRK2.2. attB1 AAAAAAGCAGGCTTCATGGATCCGGCGACTAATTCA 

SnRK2.2. attB2 AGAAAGCTGGGTCTCAGAGAGCATAAACTATCTCTCC 

SnRK2.3. attB1 AAAAAAGCAGGCTTCATGGATCGAGCTCCGGTGACC 

SnRK2.3. attB2 AGAAAGCTGGGTCTTAGAGAGCGTAAACTATCTCTCC 

hos15-2 F GATGGCCAAGCAAGAATCTG 

hos15-2 R TCCTGTAGGGCTCCATCTGA 

GABI-Kat LB CCCATTTGGACGTGAATGTAGACAC 

Table S2. Primers used for qRT-PCR 

 



Name 

AtLEA7-real time-F 

Sequence 

GCAATCAAGAACAAGGCACA 

AtLEA7-real time-R TCAGTGCGAAGCCCTAAAGT 

DREB2A-real time-F CAGTGTTGCCAACGGTTCAT 

DREB2A-real time-R AAACGGAGGTATTCCGTAGTTGAG 

EEL-real time-F CAACAGGACAAGAATGGAAACG 

EEL-real time-R GTCACTACACCAGCTCTCAAC 

HOS15-real time-F CACGGACAGCATGATCTACTTATG 

HOS15-real time-R TAGGATTGTTAGTTCCTGGTCCTG 

NCED2-real time-F  GCCCATTAAAAGACAACCGAAG 

NCED2-real time-R GGAAGATGTTTAGCCGGAGAG 

NCED3-real time-F TCCAGCTCTTCATTTCCCTA A 

NCED3-realtime-R CGGCCATTGAAATAGACCAA 

NCED5-real time-F GTCATTTGCTCTCATGGCTTG 

NCED5-real time-R CGTCTTGGTTTAGTGTTGGTG 

NCED6-real time-F GTGGTTTTCTTTAACGGCAGG 

NCED6-real time-R TCAATCTGGTCATCGAATCCG 

NCED9-real time-F CAATACCAAAACCCCAAACCG 

NCED9-real time-R GGTCTCGAAGAGGAAGATGAAG 

RD29A-real time-F AACGAGGGGAAGATAAAAGTGTGTC 

RD29A-real time-R AGGCTTTGTCTTCTTCTTCAGTTGTC 

UBQ5-real time-F GACGCTTCATCTCGTCC 

UBQ5-real time-R GTAAACGTAGGTGAGTCC 

 

  



Table S3. Description of parameters in the mathematical model. 

Name Description Constraint  

P Formation rate constant for PYR and ABI complex >12Log[2] h-1 

A Basal synthesis rate constant for ABI   

Amax Maximal synthesis rate for ABI regulated by OST1  
 

O Basal synthesis rate constant for OST1   

Omax Maximal synthesis rate for OST1 regulated by OST1   

KA Half-maximal constant of ABI synthesis regulated by OST1  

KO Half-maximal constant of OST1 synthesis regulated by OST1  
 

kf1 Binding rate constant for PYR:ABA to ABI:HOS15 >12Log[2] h-1
 

kb1 Unbinding rate constant for PYR:ABA to ABI:HOS15  

kf2 Binding rate constant for ABI:HOS15 to OST1  

kb2 Unbinding rate constant for ABI:HOS15 to OST1  

A Degradation rate constant for ABI >AP/2 

AP Degradation rate constant for ABI bound with PYR:ABA >Log[2] h-1 

AO Degradation rate constant for ABI bound with OST1 >AP/2 

O Degradation rate constant for OST1   Log[2]/33 h-1 

OA Degradation rate constant for OST1 bound with ABI:HOS15  >Log[2]/4 h-1 

 

The constraint for P and kf1 stems from the rapid formation of PYR and ABI (in 5 min after 

ABA signal. The constraint for AP is based on the half-life of ABI in the presence of ABA is 

~1hr. The constraint for O and OA is based on our experimental data (Figs. 3 and 5). All 

degradation rates are restricted to less than 12 Log [2] h-1. 


