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 765 

 766 

Fig. 4 NaWRKY3 is required for ethylene emission and the expression of NaACS1 and 767 

NaACO1 after A. alternata inoculation.  768 

(a) Mean (±SE) relative A. alternata-induced ethylene production, and NaACS1/NaACO1 769 

transcripts in five replicate 0 leaves of WT and irWRKY3 plants. Ethylene levels were 770 

determined by GC-MS/MS, NaACS1 and NaACO1 transcripts as measured by qPCR. 771 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 29, 2022. ; https://doi.org/10.1101/2022.11.29.518390doi: bioRxiv preprint 



30 

 

Asterisks indicated the levels of significant differences between WT and irWRKY3 plants 772 

with the same treatments (Student’s t-test: ***P<0.005).  773 

(b) Schematic diagram of the promoter of NaACS1 and NaACO1. Black triangle indicated the 774 

W-box motif. Short orange lines indicated DNA probes used for EMSA, and green arrows 775 

indicated primers used for ChIP-qPCR assays. The translational start site (ATG) was shown 776 

at position +1. 777 

(c) and (d) EMSA showed that His-NaWRKY3 could bind to the promoter of NaACS1 and 778 

NaACO1 directly. 50- and 200-fold excess of unlabeled probes were used for competition. 779 

Biotin-Probe-m was the probe with mutated W-box motif.  780 

(e) and (f) Mean (±SE) fold enrichment on the NaWRKY3-eGFP plants in ChIP-qPCR. DNA 781 

from NaWRKY3-eGFP over-expressed plants at 1 dpi was immune-precipitated by GFP or 782 

IgG antibody, and was further analyzed by real time PCR with indicated primers. The 783 

immune-precipitated DNA from IgG antibody was served as control, and asterisks indicated 784 

levels of significant difference between negative controls and experimental group (Student’s 785 

t-test: *P<0.05). 786 

(g) and (h) Schematic diagram of constructs for effectors and reporters (upper panel), and 787 

mean (±SE) relative NaACS1pro::LUC (g) and NaACO1pro::LUC (h) transient transcription 788 

activity activated by NaWRKY3 in N. benthamiana plants (lower panel). The Agrobacterium 789 

with NaACS1pro::LUC (g) and NaACO1pro::LUC (h) reporter was co-injected with those with 790 

indicated effector into leaves of N. benthamiana. After 36 h, values represented the 791 

NaACS1pro::LUC (g) and NaACO1pro::LUC (h) activity relative to the internal control 792 

(35S::REN activity) were obtained. Asterisks indicated significant differences between 793 

control and Ov-NaWRKY3 samples (Student's t-test; n=4; *P<0.05, ***P<0.005). 794 
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 802 

 803 

Fig. 5 NaWRKY3 is required for scopoletin and scopolin accumulation and the 804 

expression of NaF6’H1 after A. alternata inoculation.  805 

(a) Mean (±SE) relative A. alternata-induced scopoletin and scopolin levels and NaF6’H1 806 

transcripts in five replicate 0 leaves of WT and irWRKY3 plants. Asterisks indicated the 807 

levels of significant differences between WT and irWRKY3 plants with the same treatments 808 

(Student’s t-test: *P<0.05, ***P<0.005).  809 

(b) Schematic diagram of the promoter of NaF6’H1. Black triangles indicated the W-box 810 

motifs. Short orange lines indicated DNA probes used for EMSA, and green arrows indicated 811 

primers used for ChIP-qPCR assays. The translational start site (ATG) was shown at position 812 

+1. 813 
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(c) EMSA showed that His-NaWRKY3 could bind to the promoter of NaF6’H1 directly. 50- 814 

and 200-fold excess of unlabeled probes were used for competition. Biotin-Probe-m was the 815 

probe with mutated W-box motif. 816 

(d) Mean (±SE) fold enrichment on the NaWRKY3-eGFP plants in ChIP-qPCR. DNA from 817 

NaWRKY3-eGFP over-expressed plants at 1 dpi was immune-precipitated by GFP or IgG 818 

antibody, and was further analyzed by real time PCR with indicated primers. The 819 

immune-precipitated DNA from IgG antibody was served as control, and asterisks indicated 820 

levels of significant difference between negative controls and experimental group (Student’s 821 

t-test: *P<0.05). 822 

(e) Schematic diagram of constructs for effectors and reporters (upper panel), and mean (±SE) 823 

relative NaF6’H1pro::LUC transient transcription activity activated by NaWRKY3 in N. 824 

benthamiana plants (lower panel). The Agrobacterium with NaF6’H1pro::LUC reporter was 825 

co-injected with those with indicated effector into leaves of N. benthamiana. After 36 h, 826 

values represented the NaF6’H1pro::LUC activity relative to the internal control (35S::REN 827 

activity) were obtained. Asterisks indicated significant differences between control and 828 

Ov-NaWRKY3 samples (Student's t-test; n=4; *P<0.05). 829 
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 843 

 844 

 845 

Fig. 6 NaWRKY3 is required for the expression of A. alternata resistance NaRboh D.  846 

(a) Mean (±SE) relative A. alternata-induced NaRboh D transcripts (left panel) and stomatal 847 

conductance (right panel) as measured in five replicate 0 leaves at 1 dpi. Asterisks indicated 848 

levels of significant difference between WT and irRboh D samples (Student’s t-test: 849 

***P<0.005).  850 
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(b) Mean (±SE) diameter of necrotic lesions of 20 inoculation sites on 0 leaves from WT and 851 

irRboh D plants. The lesion area analyzes at 4 dpi. Asterisks indicated significant difference 852 

from the WT and irRboh D plants according to Student’s t-test at ***P < 0.005.  853 

(c) Mean (±SE) relative A. alternata-induced NaRboh D transcripts as measured by qPCR in 854 

five replicate leaves of WT and irWRKY3 plants at 1 and 3 dpi. Asterisks indicated the levels 855 

of significant differences between WT and irWRKY3 plants with the same treatments 856 

(Student’s t-test: *P<0.05, **P<0.01).  857 

(d) Schematic diagram of the promoter of NaRboh D. Black triangles indicated the W-box 858 

motifs. Short orange lines indicated DNA probes used for EMSA, and green arrows indicated 859 

primers used for ChIP-qPCR assays. The translational start site (ATG) was shown at position 860 

+1. 861 

(e) EMSA showed that His-NaWRKY3 could bind to the promoter of NaRboh D directly. 50- 862 

and 200-fold excess of unlabeled probes were used for competition. Biotin-Probe-m was the 863 

probe with mutated W-box motif. 864 

(f) Mean (±SE) fold enrichment on the NaWRKY3-eGFP plants in ChIP-qPCR. DNA from 865 

NaWRKY3-eGFP over-expressed plants at 1 dpi was immune-precipitated by GFP or IgG 866 

antibody, and was further analyzed by real time PCR with indicated primers. The 867 

immune-precipitated DNA from IgG antibody was served as control, and asterisks indicated 868 

levels of significant difference between negative controls and experimental group (Student’s 869 

t-test: **P<0.01). 870 

(g) Schematic diagram of constructs for effectors and reporters (left panel), and mean (±SE) 871 

relative NaRboh Dpro::LUC transient transcription activity activated by NaWRKY3 in N. 872 

benthamiana plants (right panel). The Agrobacterium with NaRboh Dpro::LUC reporter was 873 

co-injected with those with indicated d effector into leaves of N. benthamiana. After 36 h, 874 

values represented the NaRboh Dpro::LUC activity relative to the internal control (35S::REN 875 

activity) were obtained. Asterisks indicated significant differences between control and 876 

Ov-NaWRKY3 samples (Student's t-test; n=4; **P<0.01). 877 

 878 

 879 
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 881 

 882 

Fig. 7 NaWRKY3 is required for the expression of A. alternata resistance NaBBL28.  883 

(a) Mean (±SE) relative A. alternata-induced NaBBL28 transcripts as measured by qPCR in 884 

five replicate leaves of WT and irWRKY3 plants at 1 and 3 dpi. Asterisks indicated the levels 885 

of significant differences between WT and irWRKY3 plants with the same treatments 886 

(Student’s t-test: **P<0.01).  887 

(b) Schematic diagram of the promoter of NaBBL28. Black triangles indicated the W-box 888 

motifs. Short orange lines indicated DNA probes used for EMSA, and green arrows indicated 889 
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primers used for ChIP-qPCR assays. The translational start site (ATG) was shown at position 890 

+1. 891 

(c) EMSA showed that His-NaWRKY3 could bind to the promoter of NaBBL28 directly. 50- 892 

and 200-fold excess of unlabeled probes were used for competition. Biotin-Probe-m was the 893 

probe with mutated W-box motif. 894 

(d) Mean (±SE) fold enrichment on the NaWRKY3-eGFP plants in ChIP-qPCR. DNA from 895 

NaWRKY3-eGFP over-expressed plants at 1 dpi was immune-precipitated by GFP or IgG 896 

antibody, and was further analyzed by real time PCR with indicated primers. The 897 

immune-precipitated DNA from IgG antibody was served as control. Asterisks indicated the 898 

levels of significant differences between WT and irWRKY3 plants with the same treatments 899 

(Student’s t-test: *P<0.05). 900 

(e) Schematic diagram of constructs for effectors and reporters (left panel), and mean (±SE) 901 

relative NaBBL28pro::LUC transient transcription activity activated by NaWRKY3 in N. 902 

benthamiana plants (right panel). The Agrobacterium with NaBBL28pro::LUC reporter was 903 

co-injected with those with indicated effector into leaves of N. benthamiana. After 36 h, 904 

values represented the NaBBL28pro::LUC activity relative to the internal control (35S::REN 905 

activity) were obtained. Asterisks indicated significant differences between control and 906 

Ov-NaWRKY3 samples (Student's t-test; n=4; ***P<0.005). 907 

(f) Mean (±SE) relative A. alternata-induced NaBBL28 transcripts as measured by qPCR in 908 

five replicate 0 leaves of WT and irBBL28 (irBBL28-2, irBBL28-3, irBBL28-4) plants at 1 909 

dpi. Asterisks indicated the levels of significant differences between WT and irBBL28 plants 910 

with the same treatments (Student’s t-test: **P<0.01, ***P<0.005).  911 

(g) HGL-DTGs biosynthetic pathway was used for indication of reduced HGL-DTGs. Red 912 

downward pointing arrows indicated the levels of HGL-DTGs significant decreased in 913 

irBBL28 leaves, short red lines indicated the levels of Lyciumoside I were not altered 914 

between the WT and irBBL28 plants. 915 

(h) Mean (±SE) diameter of necrotic lesions of 20 inoculation sites on 0 leaves from WT and 916 

irBBL28 plants. The lesion area analyzes at 4 dpi. Asterisks indicated significant difference 917 

from the WT and irBBL28 plants according to Student’s t-test at ***P < 0.005. 918 
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(i) Phylogenetic analysis of NaBBL28 and other BBL proteins. BBLs which have been 919 

functionally characterized as oligosaccharide oxidase and alkaloid biosynthesis enzymes in 920 

Arabidopsis and Nicotiana were used for alignment. NaBBL28 was indicated with the red 921 

arrow. 922 
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 948 

 949 

 950 

Fig. 8 NaWRKY3 negative regulates the expression of itself after A. alternata 951 

inoculation.  952 

(a) Schematic diagram of the promoter of NaWRKY3. Black triangle indicated the W-box 953 

motif. Short orange line indicated DNA probes used for EMSA, and green arrows indicated 954 

primers used for ChIP-qPCR assays. The translational start site (ATG) was shown at position 955 

+1. 956 

(b) EMSA showed that His-NaWRKY3 could bind to the promoter of NaWRKY3 directly. 50- 957 

and 200-fold excess of unlabeled probes were used for competition. Biotin-Probe-m was the 958 

probe with mutated W-box motif. 959 

(c) Mean (±SE) fold enrichment on the NaWRKY3-eGFP plants in ChIP-qPCR. DNA from 960 

NaWRKY3-eGFP over-expressed plants at 1 dpi was immune-precipitated by GFP or IgG 961 

antibody, and was further analyzed by real time PCR with indicated primers. The 962 

immune-precipitated DNA from IgG antibody was served as control. Asterisks indicated 963 

significant differences between control and Ov-NaWRKY3 samples (Student's t-test; n=4; 964 

*P<0.05). 965 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 29, 2022. ; https://doi.org/10.1101/2022.11.29.518390doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.29.518390
http://creativecommons.org/licenses/by-nc-nd/4.0/


39 

 

(d) Schematic diagram of constructs for effectors and reporters (left panel), and mean (±SE) 966 

relative NaWRKY3pro::LUC transient transcription activity activated by NaWRKY3 in N. 967 

benthamiana plants (right panel). The Agrobacterium with NaWRKY3pro::LUC reporter was 968 

co-injected with those with indicated effector into leaves of N. benthamiana. AA1 indicated A. 969 

alternata inoculation 1 dpi, asterisks indicated significant differences between control and 970 

Ov-NaWRKY3 samples (Student's t-test; n=4; *P<0.05). 971 
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 995 

 996 

Fig. 9 Working model of the defense network regulated byNaWRKY3 in N. attenuata 997 

after A. alternata challenge.  998 

N. attenuata plants increase NaWRKY3 expression after A. alternata infection. The 999 

NaWRKY3 protein then binds to the promoters of jasmonic acid (JA) synthetic gene NaLOX3, 1000 

JA related LncRNA L2, ethylene synthetic gene NaACS1 and NaACO1, respiratory burst 1001 

oxidase gene NaRboh D, scopoletin and scopolin synthetic gene NaF6’H1 and HGL-DTGs 1002 

related dehydrogenase NaBBL28, and activates their transcription, thereby regulating a 1003 

complicate defense network against A. alternata. It includes defense hormones JA and 1004 

ethylene, NaRboh D-based ROS for stomata closure, scopoletin and scopolin as the direct 1005 

chemical weapon, LncRNA L2 for JA and NaF6’H1 expression, and NaBBL28 for 1006 

hydroxylation of the rhamnose of Lyciumoside I to form Nicotianoside III, Attenoside, and 1007 

other HGL-DTGs. Silencing LncRNA L2, NaBBL28 and NaRboh D separately will lead to 1008 

plants susceptible to the fungus. Finally, NaWRKY3 fine-tuned its expression by repressing 1009 

itself.  1010 
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