
ATGGCTCAGCCTCTGGTGAAGAAGGACGATGATCGCGATGACGAAATGGACTACTCCCCATTTCTGGGGATTGAGAAGGGTGCTGTTCTTCAGGAAG
CTAGGGTTTTCAATGATCCTCAATTGGATGCACGGAGATGCTCACAGGTCATTACGAAGCTTCTCTATCTTCTGAATCAGGGGGAGTCATTTACAAAG
GCTGAGGCTACAGGAGTCTTCTTTGCTGTCACAAAACTCTTTCAGTCAAAGGATATTGGTCTCAGGAGAATGGTGTACCTGATAATTAAAGAGCTTTCT
CCCTCCGCAGACGAGGTCATCATTGTTACGAGCTCTCTTATGAAGGACATGAATAGCAGAACTGATATGTATCGGGCAAATGCTATTCGTGTCCTTTG
TCGAATCACAGATGGGACACTTCTCACCCAAATAGAGAGATACTTGAAACAAGCCATTGTTGACAAAAACCCTGTTGTTGCAAGTGCTGCCCTTGTGA
GTGGAATCCATTTGCTTCAGACAAATCCAGAAATTGTGAAAAGATGGAGCAATGAGGTACAGGAAGCTGTTCAATCAAGGGCAGCTCTTGTTCAGTTC
CATGCACTGGCCCTGCTGCACCAGATTCGACAAAATGACCGTTTAGCTGTTAGCAAGCTAGTTACCAGTTTGACAAAAGGAAGTGTCCGCTCACCTCT
AGCTCAATGCCTTTTGATTCGTTATACTAGTCAGGTTATAAGAGAATCTGGCATTAGCCAAACAGGAGATCGTCCATTCTATGACTATTTAGAGAGTTG
CCTTCGTCACAAAGCTGAAATGGTTATTTTTGAAGCAGCCAGGGCAATCACAGAGCTTAGTGGTGTGACTAATAGAGAATTAACGCCTGCTATTACTG
TTCTACAGCTCTTTTTGAGCTCTTCTAAGCCAGTTCTTAGGTTTGCTGCTGTCCGCACTTTGAATAAGGTGGCAATGACACATCCTATGGCTGTGACAA
ACTGCAATATCGATATGGAGAGCTTGATTTCTGATCAAAATAGGAGCATTGCAACTTTGGCCATCACAACTCTACTCAAGACTGGGAATGAATCAAGC
GTTGATCGTCTAATGAAGCAGATTACTAACTTCATGTCGGACATTGCTGATGAGTTTAAGATAGTGGTGGTAGAAGCAATTAGATCATTGTGTTTGAAA
TTCCCCCTTAAGTATAGATCTTTGATGAATTTCTTGAGCAATATTTTGAGGGAAGAAGGTGGATTTGAGTACAAGAAGGCTATTGTTGATTCAATTGTGA
TCCTGATTAGAGATATCCCAGATGCCAAAGAAGGTGGGCTGCTTCACTTGTGTGAATTCATTGAGGACTGTGAATTCACATATCTTTCTACGCAGATAC
TACATTTTCTTGGAAATGAAGGACCTAAGACCTCTGACCCCAGTAAGTACATACGATACATATATAACCGGGTGATACTTGAAAATGCAACAGTTCGG
GCCAGTGCAGTGAGCACCTTAGCGAAGTTTGGTGCCTTGGTTGATTCATTAAAGCCTCGTATATTTGTGCTGTTGAAACGTTGTCTGTTTGACAGTGAT
GATGAGGTTCGTGACCGTGCAACACTTTACTTGAATACCCTTGGAGGTGATGGTGCAGTTGTTGAAACTGATGAAGAGGTGAAAGAGTTCCTTTTTGG
TTCACTCGGCGTCCCTCTAACCAATCTGGAAACAAGTTTGAAGAACTATGAGCCCTCGGAGGAGCCATTTGACATTCATTCTGTACCTAAGGAAGTTA
AATCTCAACCCTTGTCAGAGAAGAAAGCACCCGGTAAAAAGCCAACCGGTTTGGCTGCTCCTCCTGTGGCTCCCACTTCCACTGTTGATGCGTATGA
AAGGTTACTGTCCTCTATTCCAGAATTTGCCAGTTATGGAAAGCTTTTCAAGTCATCTGCACCAGTGGAGCTTACAGAAGCTGAAACAGAATATGCAGT
TAACGTTGTCAAGCACATTTTTGACAATCATATCGTGTTCCAGTACAACTGCACCAACACTATTCCTGAGCAATTGCTGGAGAATGTCACTGTTATAGT
AGATGCTTCTGACGCAGAGGAATTTTCTGAAGTAGCATCCAAACCTCTCAAGTCCCTGCCTTATGATACCCCAGGGCAAACATTTGTGACTTTTGAGA
AACCAGAAGGAGTCCCTGCTGTTGGGAAATTCTCAAACATGTTGAGGTTCATCGTTAAAGAGGTTGATCCATCTACTGGTGAGGCTGAAGATGATGGC
GTCGAAGATGAATACCAGCTAGAAGACCTTGAGGCTGTTTCAGCAGATTATGTGCTAAAAGTAGGAGTATCCAACTTTAGGAATGCCTGGGAGAGTTT
GGGACCAGATTGTGAAAAGGTAGATGAATATGGTCTTGGACCAAGGGAAAGCCTAGCTGAAGCTGTAAATACAGTCATTGACCTACTTGGCATGCAA
CCTTGCGAGGGCACTGAGGTTGTCCCAAGCAATTCAAGATCGCACACATGTTTATTATCTGGTGTTTACCTTGGTGGTGTAAAGGTTCTTGTTCGGTT
GTCATTTGGAGTCGATGGGCCAAAGGAGGTTGCAATGAAACTGGCTGTTAGGTCTGAAGATATATCTGTCAGTGATGCAATTCATGAAATTGTTGCAA
GTGGCTAA

B γ-COP

ATGGTTGTTCTTGCGGCTTCGATAATTTCTAAATCTGGCAAAGCACTTGTCTCGAGGCAGTTTGTTGATATGTCTCGTATAAGAATTGAAGGGTATCTT
GCAGCTTTCCCCAAATTGGTTGGTACAGGAAAGCAGCATACATATATTGAGACTGACAATGTGCGATATGTTTATCAACCGATAGAGTCTTTGTACTTG
CTACTTGTGACCAACAAACAGAGCAACATTCTTGAAGATCTTGAGACACTGAGGCTGCTGTCTAAACTAGTGCCTGAATATTGTCATTCACTAGATGAG
GAAGGAATTGGCAGTACAGCGTTTGAGCTTATTTTTGCATTTGATGAAGTGATCTCTCTTGGACACAAGGAAAATGTTACAGTTACACAAGTCAAGCAG
TATTGTGAAATGGAGAGCCATGAGGAAAGATTGCACAAGTTAGTCTTACAGAACAAGATAAATGAAACTAAGGATGTCATGAAGCGTAAAGCCAGTGA
GATTGACAAAAGCAAGATTGAGAAGAATAGAGGTGAAAAAGGAGGTTTCATGTCTCTGCAATCCATGGGTTCTGGGAGAATCGATACTGGCTTTGGCA
GCGACTCAGGCATATCTAGCGGAGGAACTGGTGGTTTTGGTAGTGGTTCTGGATTTGGTCTAAGCCCTGACGTAGACACATTTTCCACCAAATCCAA
GGGTCGTCCAGCTGCATCTGCTACTGCTCCACCAAAAGGTCTTGGTATGCAGCTAGGTAAAAATCAGAAGACCGACCAATTTCTGGAATCCCTGAAA
GCAGAAGGTGAAGTTATTGTCGAGGATGTGAGACCAAGCATTGGTCAGGCCAAACCAGCTGCTGCTCCACTAACTGATCCCGTCACATTGACTGTCG
AAGAAAAGATTAATGTAACACTAAAGCGTGATGGTGGTGTCAGCAACTTCGATGTCCAGGGTACTTTGTCTCTCCAAATTCTGAATCAAGAAGATGCAT
TTATCCAAGTGCAGATTGAAACCAGTGGTAATCCAACAATCCTCTTCAAAACACACCCAAACATGAACAAGGAATTGTTTTCTAATGAAAATATCCTAG
GACTTAAAGATCCAAATAGGCCATTTCCCACGGGTCAAGGTGGTGACGGCGTTAGTCTTTTGAGGTGGAGAATGCAAACTGCAGATGAGTCAATTTTG
CCATTGACAATTAACTGCTGGCCTTCAGTTTCTGGAAGCGAAACCTATGTGAATATCGAGTATGAAACCCCTGCACAGATTGATCTACAAAATGTTGTA
ATTTCTGTACCCCTTCCAGCTCTCAGGGAGGCTCCAAATGTACAACAAATAGACGGAGAGTGGAGGTATGACCCCAGAAATTCTGTTTTGGAGTGGTC
TGTACTTCTCATTGACAATTCGAACCGCAGTGGAGCACTAGAATTTGTTGTTCCGGCAGCTGATCCCTCGGTCTTCTTCCCAATTTCTGCACGCTTTAC
TGCCTCAAGAACTTTCAGTGACCTGAAGGTCGTCAACATTTTGCCTATAAAAGGTGGGCCTACTCCTAAGCATTCTCAAAGAACACAGCTGGCCACAG
AGACTTACCAAGTCGTGTGA

C δ-COP

ATGGATATTGACAAGTTTGTATTCAGGGACTGTTTGCATCTGGAACTACCAGACCCAGTTAGGTCAGCTAAGTTTATACCACGCAAGCAATGGGTTGTTG
CTGGTGCTGATGACATGTTTATTCGTGTTTACAATTACAACACCATGGATAAAGTTAAAGTATTCGAGGCACACACAGATTATATTAGGTGTGTGGCTGT
CCATCCTACACTACCTTATGTGCTGTCATCATCTGATGACATGCTAATAAAGCTCTGGGATTGGGAGAAGGGATGGTTATGCACTCAAATATTTGAAGGT
CATTCCCATTATGTGATGCAAGTCACCTTTAATCCAAAAGACACCAATACTTTTGCTAGTGCGTCCCTTGATCGGACTATAAAGATCTGGAACCTTGGCT
CTCCTGACCCAAACTTCACTCTGGACGCTCATCTTAAAGGGGTTAATTGTGTAGACTATTTCACTGGGGGTGATAAACCCTATCTAATTACTGGTTCTGA
TGATCACACTGCTAAGGTGTGGGACTATCAGACAAAAAGTTGTGTCCAGACTCTTGACGGCCACACACACAATGTCTCAGCTGTATGTTTTCATCCTGG
TCTTCCAATTATAATTACAGGTTCTGAAGATGGTACTGTTCGTATATGGCACGCAACCACTTATAGACTTGAGAACACTTTGAATTATGGTCTTGAAAGAG
TATGGGCAATTGGTTACATGAAACACTCAAGGAGGGTTGTGATTGGTTATGATGAGGGAACCATCATGGTAAAACTTGGTAGAGAAGTACCTGTTGCCA
GTATGGATAACAGTGGAAAAGTTATTTGGGCTAAGCACAATGAAGTTCAGACTGTTAACATCAAGAGTATCGGGGCAGATTATGAAGTCGCTGATGGAG
AGAGACTGCCTTTGGCTGTCAAGGAAATGGGAACTTGTGACCTCTACCCACAAAGCTTGAAGCATAATCCAAATGGAAGGTTTGTCGTCGTTTGTGGAG
ATGGAGAATATATCATATATACCGCTCTGGCTTGGAGAAATAGGTCATTTGGCTCAGCTCTGGAATTTGTTTGGTCTTCGGATGGAGAATATGCTGTGAG
GGAAAGTACTTCAAAGATTAAGATCTTCAGCAAAAATTTCCAGGAGAAGAAGAGCATCCGGCCTACTTTCTCTGCTGAGCGCATCTATGGTGGTACTTTA
TTGGCAATGTGCTCGAATGATTTCATTTGTTTCTATGATTGGGCTGACTGCAGGTTGATACGGCGAATCGATGTTAATGTCAAAAATCTATACTGGGCCG
ACAGTGGTGATCTGGTGGCAATTGCTAGTGATGCATCATTCTACATACTTAAGTATAATCGAGATGTGGTCTCTGCACATTTTGATAGTGGAAGATCAGT
AGATGAACAAGGTGTTGAAGAAGCTTTTGAACTTCTTAATGAGATAAATGAACGGGTCCGGACTGGAATTTGGGTTGGGGATTGCTTCATTTACAATAAT
TCTTCCTGGAGACTTAACTATTGTGTTGGGGGTGAGGTGACCACAATGTTTCACCTTGACCGGCCCATGTACCTACTCGGATACCTTGCTAATCAGAGC
AGGGTTTTTCTGATTGACAAGGAATTTAATGTCGTGGGATATACTCTACTCCTTGGCTTGATTGAGTACAAGACACTTGTGATGCGTGGCGACTGGGATA
GAGCAAATGAGGTCTTACCATCAATTCCTAAGGAGCATCACAACAGTGTTGCGCGTTTCTTGGAATCACGTGGAATGATAGAGGAAGCATTAGAAGTTG
CTACTGACCTTGACTACAGATTTGAACTAGCCATACAGCTGGGTAAATTAGATATTGCAAAGGAAATTGCCGTAGTGGCACAGAGTGAGTCCAAATGGA
AGCAGTTGGGTGACCTAGCCATGTCTAGTGGAAGGCTTGAGACAGCAGAGGAATGTTTGAAGCATGCAAATGACTTGAGTGGTTTGTTGCTACTCTATT
CTTCTTTAGGAGATGCTGAAGGAATAACTGAACTAGCATCTTTTGCAAAAGAACACGGGAAAAACAATGTTGCATTCCTTTGCATGTTCCTGTTGGGTAA
AGTGGACGAGTGCATTCAGCTGTTGGTTGACAGCAATCGGGTACCTGAGGCTGCATTTATGGCACGATCTTATCTGCCTAGTAAAGTTTCTGAAATAGT
ATCAATTTGGAGAAAGGACCTCAGTAAGGTTAACCAGAAAGCTGCAGAAGCTTTGGCTGATCCTGAAGAATATCCTAACTTGTTTGAGCACTGGCAAAT
AGCACATTCTATTGAAGCTAGAGTTGCGGAGGAAAGGGGTGTATACCCGCCAGCGGCAGATTATGGAAATTGTGCTGATAGACCAACTACTAACCTCG
TAGAAGCTTTCAGCAACATGAGAGTGGATGAAGAACCACTTGAAAATGGAGAGTTGGATCATGAGGTTGCAGAACAGAATGGTGATGAGGTGCAAGAA
CCGGGTGAAGATGACATTCAACAAGAGGGCCAAGAAGAGGCTGTTGTGGTGGATGCTGACTCTACTGATGGTGCAGTACTCGTTAATGGAAACGAGGC
TGACGAAGAGTGGGGTACGAATACTGAAGGAAAACCTTCTTACACCACGTCATTAGGTTCAGCCAAGACAGATGGTTCCAGTTGTTCTGCTGCCTTAAT
GGACAGTTTAAGGGACCGGATGTCTGTTCTGCCAGTGGTGTGA

A β’-COP

Figure  S1

Fig. S1. Nucleotide sequences of N. benthamiana β’-, γ-, and δ-COP genes.

The protein coding regions of the corresponding cDNAs are shown.
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SKLVTSLTKGSVRSPLAQCLLIRYTSQVIRESGISQTGDRPFYDYLESCLRHKAEMVIFEAARAITELSGVT
NRELTPAITVLQLFLSSSKPVLRFAAVRTLNKVAMTHPMAVTNCNIDMESLISDQNRSIATLAITTLLKTGNE
SSVDRLMKQITNFMSDIADEFKIVVVEAIRSLCLKFPLKYRSLMNFLSNILREEGGFEYKKAIVDSIVILIRDIP
DAKEGGLLHLCEFIEDCEFTYLSTQILHFLGNEGPKTSDPSKYIRYIYNRVILENATVRASAVSTLAKFGALV
DSLKPRIFVLLKRCLFDSDDEVRDRATLYLNTLGGDGAVVETDEEVKEFLFGSLGVPLTNLETSLKNYEPS
EEPFDIHSVPKEVKSQPLSEKKAPGKKPTGLAAPPVAPTSTVDAYERLLSSIPEFASYGKLFKSSAPVELT
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KLVLQNKINETKDVMKRKASEIDKSKIEKNRGEKGGFMSLQSMGSGRIDTGFGSDSGISSGGTGGFGSG
SGFGLSPDVDTFSTKSKGRPAASATAPPKGLGMQLGKNQKTDQFLESLKAEGEVIVEDVRPSIGQAKPA
AAPLTDPVTLTVEEKINVTLKRDGGVSNFDVQGTLSLQILNQEDAFIQVQIETSGNPTILFKTHPNMNKELF
SNENILGLKDPNRPFPTGQGGDGVSLLRWRMQTADESILPLTINCWPSVSGSETYVNIEYETPAQI
DLQNVVISVPLPALREAPNVQQIDGEWRYDPRNSVLEWSVLLIDNSNRSGALEFVVPAADPSVFFPISAR
FTASRTFSDLKVVNILPIKGGPTPKHSQRTQLATETYQVV-

Figure  S2

B γ-COP
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A β’-COP

Fig. S2. Amino acid sequences of N. benthamiana β’-, γ-, and δ-COP proteins.
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Fig. S3. BiFC controls.

β¢-COP:YFPN and YFPC, δ-COP:YFPC and YFPC, YFPN and γ-COP:YFPC, and

YFPN and δ-COP:YFPC were expressed together in N. benthamiana leaves

via agroinfiltration, and the YFP signal in leaf protoplasts was observed by

confocal microscopy. YFP fluorescence was not observed in any of these

combinations of gene expression.
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Fig. S4. Mitochondrial membrane potential in leaf protoplasts of β′-COP, γ-COP,

and δ-COP VIGS plants.

(A) Tetramethylrhodamine methyl ester (TMRM) staining of TRV, TRV:β′-COP,

TRV:γ-COP, and TRV:δ-COP VIGS plants at 15 DAI. Scale bars = 10 µm.

(B) TMRM fluorescence of protoplasts from the VIGS lines was quantified by pixel

intensity. Data points represent means ± SD of 30 individual protoplasts. Asterisks

denote statistical significance of the differences between COPI VIGS and TRV

control samples: *, P ≤ 0.05; **, P ≤ 0.01.

** **
**
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Fig. S5. H2DCFDA staining to detect reactive oxygen species (ROS).

Cellular ROS levels of TRV control, TRV:β′-COP, TRV:γ-COP, and TRV:δ-COP were

detected (A) and quantified (B) by H2DCFDA fluorescence levels at 15 DAI.

Chlorophyll autofluorescence is pseudo-colored blue. Data points represent means ±

SD of 30 individual protoplasts. Asterisks denote statistical significance of the

differences between COPI VIGS and TRV control samples: *, P ≤ 0.05; **, P ≤ 0.01.

Scale bars = 20 µm.

**

** **
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Figure  S6

Fig. S6. Visualization of the newly forming cell plate during cytokinesis.

The DEX-inducible β′-COP RNAi BY-2 cells were treated with ethanol (-DEX)

or 15 µM DEX (+DEX) and stained with DAPI (blue) and FM4-64 (red) for

visualization of the nuclei and the cell plate, respectively. Confocal microscopy

revealed images of consecutive serial sections of a BY-2 cell undergoing

cytokinesis. Scale bars = 10 µm.


