
T A G A A T C T T T G A G G A T T G C A G G G A T A A G T C T G G G T C T T G A C T G G T G A C A A

T A G A A T C T T T G A G G A T T G C A G G G A T A A G T C T G G G T C T T G A C T G G T G A C A A

212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261

1656

0

Fragment

3-S3.241

1-F.YP17

57575.F1

0.AB1

T T A T A G A A G A A A G G A C T A C T C T G A G A G G G C C G G G A G G G A A G A A C T A T A A A T A

T T A T A G A A G A A A G G A C T A C T C T G A G A G G G C C G G G A G G G A A G A A C T A T A A A T A

170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221

2535

0

Fragment

2-1102-4

.1102-F.

YP150396

4.C10.AB

1

WT:TACTCTGAGAGGCCAGGAGGGAAGA…

mu:TACTCTGAGAGGNNNNNNNNNNNNN…
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Supplementary Figures

Figure S1. Molecular identification of ENOR1.

(A) The nucleotide mutation in ENOR1 (ALA1) of enor1 rdr6 led to a mutation (GGCC to 

GGCT) of the recognition sequence of HaeIII. The 470bp PCR product spanning the HaeIII 

site can be cleaved into fragments of 170bp and 300bp in rdr6 but not in enor1 rdr6.

(B) Schematic diagram shows the structure of ENOR1/ALA1 (AT5G04930) and the 

mutations of ala1 mutants. The positions of mutation sites of ALA1 in enor1 rdr6, ala1-2 

(Salk_056947) and ala1 mutants (ala1-crispr1, ala1-crispr2, and ala1-crispr3) generated by 

CRISPR/Cas9 are indicated by open triangles. The ALA1 gene in enor1 rdr6 contains a C-to-

T mutation at 2965th bp of CDS, converting a Gln codon (CAG) to a premature stop codon 

(TAG). The ALA1 gene in ala1-crispr1 contains a 1-bp insertion, and that in ala1-crispr3 has 

a 2-bp deletion. The ALA gene in ala1-crispr2 contains chimeric mutations represented with 

“NNN...” from the 1120th bp of ALA1 CDS.

WT:TGCTTGGCA-TACCTG

Mu:TGCTTGGCATTACCTG

WT:GGGATAAAAGTCTGG

mu:GGGATAA--GTCTGG
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YFP mCherry Merged

YFP-ALA1 + mCherry-ER-marker

Figure S2. Subcellular localization of ALA1.

ALA1 with fusion of YFP (YFP-ALA1) was co-infiltrated with the mCherry-ER marker in

leaves of Nicotinana benthamiana, and the fluorescence signals were detected 50h after co-

infiltration.
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Figure S3. Pathogenic responses of rdr1, rdr6, ala1-2 and ala1-2 rdr1.

The plants were photographed at 45 d after infection with mock or CMV2aTΔ2b.



Figure S4. Accumulation of CMV2aTΔ2b genomic RNA in inoculated Col-0 and ala1-2. 

Quantitative real-time PCR analysis of the accumulation of CMV2aTΔ2b RNA in Col-0 and 

ala1-2 at 21 d after inoculation. The data are means (±SE) from three biological repeats. The 

asterisks represent significant differences in mutants compared with Col-0 by Student’s t-test, 

**P< 0.01.
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enor2 ENOR2/enor2
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AT5G44240 (ALA2/ENOR2)

ala2-1, 1995bp TGG (Trp) to TGA (*)

ala2-crispr1

A

B

Figure S5. Molecular identification of ENOR2.

(A) The nucleotide mutation in the ENOR2 (ALA2) gene of enor2 rdr6 led to a mutation (GATGC 

to AATGC) of the recognition sequence of SfaNI. The 550bp PCR product spanning the SfaNI site 

can be cleaved into fragments of 150bp and 400bp in rdr6 but not in enor2 rdr6.

(B) Schematic diagram shows the structure of ENOR2/ALA2 (AT5G44240) and the mutations of 

ala2 mutants. The positions of mutation sites of ALA2 are indicated by open triangles. The ALA2 

gene in enor2 rdr6 contains a G-to-A mutation at 1995th bp of CDS, converting a Trp codon 

(TGG) to a premature stop codon (TGA). The ALA2 gene in ala2-crispr1 generated by 

CRISPR/Cas9 contains a 1-bp deletion and a 12-bp insertion.

WT:CCTCGGTATA------------GCTGGAAAT

mu:CCTCGGTAT-GTGCAATATTCTGCTGGAAAT
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Figure S6. Phylogenetic analysis of Arabidopsis P4-type ATPase.

0.1 stands for distance scale. The numbers in green represent node statistics.



Supplementary Tables 

Table S1. List of primers used in this work. 

rdr1-1-TDNA Forward TGTCACCAGAAGAAGCTCCAG 

rdr1-1-TDNA Reverse TTCCTTTCGTATAGTTGGGCC 

rdr6-15-TDNA Forward TCTCCGCATTGCTTCTATTTC 

rdr6-15-TDNA Reverse GCTGCAAAATAAGCACAAAGC 

Salk_056947 Forward GCCATTGGTGATGGTAATGAC 

Salk_056947 Reverse CCCTGTTTAAGAAAAAGCGATG 

GK317H04-TDNA Forward TTTCTGATCGTGTCATTATTCAACTG 

GK317H04-TDNA Reverse TGTTGTAGAAATCGAATTACCCTG 

Salk_125598-

TDNA 

Forward GGGGCGTCGTAGAATAAGATC 

Salk_125598-

TDNA 

Reverse GCTGATGAAGGAGACAAGCAC 

Salk_024877-

TDNA 

Forward GTACGGAGCTGTCGTTTTCAC 

Salk_024877-

TDNA 

Reverse AGAACTCGAACCCGAACTCTC 

ala1-cripsr1-sg Forward GGTTTCCTGCTTGGCATACCGTTTTAG

AGCTAGAAATAGC 

ala1-cripsr1-sg Reverse GGTATGCCAAGCAGGAAACCAATCAC

TACTTCGACTCTAG 



ala1-cripsr1-sg-

cas9 

Forward-

HindIII 

CCCTTAAGCTTCGTTGAACAACGGAA

AC 

ala1-cripsr1-sg-

cas9 

Reverse-SalI TATCAAGCTTATCGATACCGTCGAC 

ala1-cripsr1-seq Forward ACGGTTTGAGTTCACTGGGA 

ala1-cripsr1-seq Reverse TGGCCTCTCAGAGTAGTCCT 

ala1-cripsr2-sg Forward GAGGACTACTCTGAGAGGCCGTTTTA

GAGCTAGAAATAGC 

ala1-cripsr2-sg Reverse GGCCTCTCAGAGTAGTCCTCAATCACT

ACTTCGACTCTAG 

ala1-cripsr2-sg-

cas9 

Forward-

HindIII 

CCCTTAAGCTTCGTTGAACAACGGAA

AC 

ala1-cripsr2-sg-

cas9 

Reverse-SalI TATCAAGCTTATCGATACCGTCGAC 

ala1-cripsr2-seq Forward GGGCTTTAGGGGTTGTTGTG 

ala1-cripsr2-seq Reverse CTTCTGTTGCCTTGCCAGTT 

ala1-cripsr3-sg Forward GGATTGCAGGGATAAAAGTCGTTTTA

GAGCTAGAAATAGC 

ala1-cripsr3-sg Reverse GACTTTTATCCCTGCAATCCAATCACT

ACTTCGACTCTAG 

ala1-cripsr3-sg-

cas9 

Forward-

HindIII 

CCCTTAAGCTTCGTTGAACAACGGAA

AC 



ala1-cripsr3-sg-

cas9 

Reverse-SalI TATCAAGCTTATCGATACCGTCGAC 

ala1-cripsr3-seq Forward TACGGTGGCGTCATACATGA 

ala1-cripsr3-seq Reverse ATCCCTACCCCAACATCAGC 

ala2-cripsr-1-sg Forward GTTCTGGTCCTCGGTATAGCGTTTTAG

AGCTAGAAATAGC 

ala2-cripsr-1-sg Reverse GCTATACCGAGGACCAGAACAATCAC

TACTTCGACTCTAG 

ala2-cripsr-1-sg-

cas9 

Forward-

HindIII 

CCCTTAAGCTTCGTTGAACAACGGAA

AC 

ala2-cripsr-1-sg-

cas9 

Reverse-SalI TATCAAGCTTATCGATACCGTCGAC 

ala2-cripsr1-seq Forward GCAAACATGCGCTTATTTCCG 

ala2-cripsr1-seq Reverse GTCTGCCTCTGTCCTGAACT 

enor1-caps Forward GGACACTGGAATTACCAAAGGATG 

enor1-caps Reverse GTGAAGATTAACCACCACAACTGC 

enor2-dcaps Forward ATTTAAATGTCCAGGACTAGTGAG 

enor2-dcaps Reverse TCAGAGCAATTTCTAGAGC 

ALA1-35SOE-

3FLAG 

Forward-SmaI GGGGGGCCCGGGATGGATCCCAGGAA

ATCAATTG 

ALA1-35SOE-

3FLAG 

Reverse-XbaI GGGGGGTCTAGATCATCTCCGTGGAG

GATCCTGAATC 



ALA1-PJG054-

YFP 

Forward CGACGACAAGACCGTGGATCCCAGGA

AATCAATTGA 

ALA1-PJG054-

YFP 

Reverse GAGGAGAAGAGCCGTCATCATCTCCG

TGGAGGATCCTGAATC 

ALA1-qRT Forward ATGTTATACCCACACTCCCTGGT 

ALA1-qRT Reverse ACATCCATGTCTTGCCCACT 

ALA2-qRT Forward ACTTGTGGGAGCAATTCAGC 

ALA2-qRT Reverse CACAGGGGTGATAAGTGACCA 

ALA3-qRT Forward AGGCACTTGAAAGGACATGG 

ALA3-qRT Reverse TGTTTGGTTGCTCACACTGAA 

ALA4-qRT Forward GCCCTTGGAGTCTTTGAACA 

ALA4-qRT Reverse TGTTGGTACAACGCTGGAAA 

ALA5-qRT Forward ATGTTTCTTCCGAGATCTGCTT 

ALA5-qRT Reverse GGTTCTTTGTGCCTTGTTGG 

ALA6-qRT Forward GTAAAGGCGCTGACAGCAT 

ALA6-qRT Reverse CCCGCTTCACCATATACATTC 

ALA7-qRT Forward AGAAAGGGGTGCCTCAATG 

ALA7-qRT Reverse ACCCTGTCTCAGCAAACTGC 

ALA8-qRT Forward AACCGGTTGTTGTTGCTTTC 

ALA8-qRT Reverse TCCATGTTTCGCAAGTCTTTT 

ALA9-qRT Forward GTGCGTCTGTCATTTGTTGC 

ALA9-qRT Reverse TCCAGATTTTACTAGTCTTGTCACCA 



ALA10-qRT Forward GGGAAGCTCTTGCTGTTGTC 

ALA10-qRT Reverse ACGACCGTTCTTTGCAAGTC 

ALA11-qRT Forward CGACGAAGATGGGAGACTTC 

ALA11-qRT Reverse CCGTTTTTGGCTAGTCTTTCA 

ALA12-qRT Forward AAAGATTTGGGTTTTGACTGGA 

ALA12-qRT Reverse TTCATGTCTCGTCTGAGCAAA 

ACTIN8-qRT Forward TCAGCACTTTCCAGCAGATG 

ACTIN8-qRT Reverse CTGTGGACAATGCCTGGAC 

CMV-RNA-qRT Forward GTGAACGGGTTGTCCATCCAGC 

CMV-RNA-qRT Reverse TGAAACTAGCACGTTGTGCTAG 


