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Figure S1 Cloning and analysis of CsLAC17 laccase gene. (a) Amplification results of CsLAC17 laccase gene, M: DL2000 DNA marker, 1-Target gene. (b) Nucleotide sequence and amino acid sequence of CsLAC17
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Figure S2 Construction of the pTRV2-CsLAC17 VIGS vector.(a) Selection of a specific fragment from the conserved region of CsLAC17 for VIGS. (b) Amplification of the target fragment by PCR. M: DL 2000 DNA Marker; Lane 1: The amplified gene fragment. (c)  Schematic diagram of the recombinant pTRV2-CsLAC17 vector. (d) Verification of the recombinant plasmids by colony PCR. M: DL 2000 DNA Marker; Lanes 1-6: PCR validation
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Figure S3 Screening and validation of transgenic tobacco lines overexpressing CsLAC17. (a) Histochemical GUS staining of leaves from wild-type (WT), empty vector control (EV), and representative CsLAC17-transgenic lines. Blue staining indicates GUS activity, confirming the integration of the T-DNA. Scale bar = 1 cm. (b) Relative expression levels of the CsLAC17 gene in different transgenic lines (TP1-TP11) as determined by qRT-PCR. Data are presented as the mean ± standard deviation (SD) from three biological replicates. 
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Figure S4 (a) The sequence after codon optimization, the red part are the optimized sites. (b) Verification of double digestion of recombinant expression vector Note: M: DNA marker, 1: Recombinant plasmid, 2: Double enzyme digestion plasmid.
Note: M:  DNA Marker; 1: Plasmid; 2: Double enzyme digestion plasmid
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Figure S5 PCR validation results for Mut+ type recombinant yeast engineering strain 
Note: M: DL5000 DNA marker, 1-8: PCR validation results of different single colonies, 
9: pPIC9K




















 Table S1 Primer sequences
	Primer name
	Sequence (5’-3’)
	Purpose

	CsGAPDH
	F: CACGGTCAATGGAAGCATCAT
R: GCAGCAGCCTTATCCTTATCAG
	Reference gene in tea plants


	CsLAC17
	F: ATGGCTACTTATGTTCTTCTCT
R: ACATTTCGGAAGATCAGACGG
	Gene cloning

	CsLAC17
	F: ggacgagctcggggtaccccATGGCTACTTATGTTCTTCTCT
R: gctcaccatgtcgacgctctagagcACATTTCGGAAGATCAGACGG
	Overexpression Vector Construction

	Hyg（481）
	F: CTGCCCGCTGTTCTACAACCGG
R: GGAGCATATACGCCCGGAGTC
	Validation of Transgenic Tobacco

	TRV-CsLAC17
	F: tgagtaaggttaccgaattcTGCTCAATACCCTGCCAATG
R: ggacatgcccgggcctcgagAAAACTTTGGTCCCATTCC
	VIGS Vector Construction

	CsLAC17(qRT-PCR)
	F: TCAATACCCTGCCAATGTCC
R: GGTTTTTGTCACACGGTCTTG
	Silencing Validation in tea plant

	β-actin(qRT-PCR)
	F: AGCTTCACCTCCCAGGTCATC
R: AGAACGCCTGTCAATCTTGG
	Reference Gene in Tobacco
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ATGGCTACTIATGTTCTTCTCTCTTCATCGGTGGCATICATGGGAGTTATCGTCTICTCGTTTAT
AACTTTGTCTCTCCTICCTCOACCAGCACTTGCCACGGATGCAAGT GTAACCAGGCACTACAC
AT TAATATCCAATTGCARAT GTGACGCGOCT T GCCACACOAAGAGCAT GO TTACTGTGART
GOGAMTTTCCAGGGCCG0GCATTGTGOCCAGGGAGGOCGATAGGCT T GATAARAGTGGT
ARG CATGT T CAGAACATAT T CARCCCAT T GCATGGANTTCGACAGCTTCAAACCGGGTG
GOCTGATGGGCCGOCATACATAACTCAGTGCCCCATACAACCGGCCAGAGCTACGTGTACA
AT TCACCATTGTTGGCCAGAGAGGAACACTGTTTTGGCATGCCCATATT TCATGGCAAAGAG
COACTGTCTATGGCCCTCTGATATICTTCCCAGCATAACGCCTCTTACCCATTTGCCARAC
R ACAAGGAAGTTCCCGTCATT TTCGGAGAAT GG TCAAT GCCGATCCTGAGGCARTARTTAAC
CAGGCCTTGCAMCAGGTGOT GGCCCAAATGTCTCOGATGCCTATACGATCARTGGACTTCCA
SGACCATTTATAATTGTTCTGCCAAAGATACATT CAAGCTGAAGGT GAAGCCTGOAMAGCAT
ACCTACTCCGCCTGATCAACGCTGCACTCATGACGAGCTTTTCT ITAGCATTGCARACCACA
CTCTCACCATT G TTGMGCCGATGCCATCTATGTAMACCATT TGAGACCAACACGCTTCTCAT
TACTCCCGGACAGACCACAACGTCCTTCTCAAGGCCARACCTTATTTCCCGGOTGCCACATT
CTTGATGACTGCCAGGCCATATGTGACCOOCCTTGOAACGTTTGACACTCAACTGTTGCCG
GTATCCTGGANTACCARTCACCACTTCTTCACTCAGCCTT GCCARTTARARAGCTTCCACTCTT
CAAACCGACTTTGOCTCCTCTANATGACACTTCAT TCGOCACTATT TCTCGARGAMETCCGT
AGCTTAGCCAG!

GOTACTG
CCTTTTAACACTAGTGTGGAGTTGOTTAT GCAGGACACAAGCATTCTTGGAGCAGAAGCCAC
CCTCTICATCTCCACGGATTCARTTTCTTTGTTG TGGACAGGTTTCGGGAACTATGACCCAR
ARG GACC G AAAGCTTCAATC T GTTGACCCATT GAMGGAACACGTTGOTGTGCCC
CO00TGGGTGOATIGCGATICGGTTTCTAGCAGATAACCCAGGTGTATGGTICATGCATTGTC
ACTTGGAAGTCCACACGAGTTGGGGATTGAAGATGGCTTGGCTTGTCTTAGATGGARAGCTTC
CCARTCAAAAGCTGCTICCTCCACCGTCTGATCTTCCRAATGTIAG
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ACCGATGCTTCCGTTACTAGACACTACACT TTCAACATCCAGTTGCAGAATGTCACTAGAT TGTGCCACACTARGT CTATGGTCACTGTT
TDASVTREYTFNTIOQLOQNYTRLCEHTESMVTYV
AACGGTARGTTCCCTGGTCCARGAATTGTTGCTAGAGAAGETGACAGACTGTTGATCARGGTTGTCART CACGT TCAGARCAACATGTCC
NGEKGFPGPRTIVAREGDRTELTLTIEKTYVYDNEHTYOQNNDMS
ACTCATTGGCATGGTATCAGACAACTACAAACTGGTTGEGCAGATGGT CCAGCT TACATCACACARTGCCCTATTCARACCGGACAATCT
THWEHGIROLOQTGUWADGPAYITOQCPTIOQTGOQS
TACETCTACAACTTTACCATCGTTGGTCARAGAGGTACT TTGTTCTGECACGCACATATCAGT TGGCARAGAGCARCAGTTTACGGACCA.
YV YNFTIVGQRGTTILFWEHAHRTISWOQRATYZYG P
TTGATCATCTTGCCARRGCACAATGCTTCT TATCCATTCGCT AAGCCATACARAGARGTACCAGTCATCTTTGETGARTGETTCAACGCT
L IILPRKHENASTYEPREFARKEGYEKETYPYVIFGET WTEDNRA
GATCCAGAAGCTATCATTARCCAGGCT TTGCARACTGTGETGGACCARACGT TTCCGACGCT TATACCATCARTGGT T TGCCAGGTCCA
DPEAIINOQAZLGQTGGGENTYSDAYTINGTLEPGEP
CTGTACAACTGTTCAGCTARAGACACCTTCAAGTTGARGGTCAAACCAGGTARAGCCTACTTGTTGAGACTGATCARTGCCGCT TTGAAC
L¥YNCSAKDTEFE KL XYE KEPEGE XATYLLRELINGAERLDTEH
GACGAACTGTTCTTCTCCATCGCTARCCACACTTTGACTATCGT TGARGCTGACGCTATCTACGTCARACCATTTGAGACTARCACTCTT
DELFFSIANEHETLTIVERZDA ATITYYERETFEETNTL
CTGATTACGCCTGGACARACCACCAACGTCTTGTTGARAGCTAAGCCTTATTTCCCTGTGCTACT TTCT TGATGACCGCTAGACCATAC
L ITPGQTTNVLLEKAEREPEYFPGATEFTLMTRARPY
GTTACTGGTTTGEGTACT TTCGACAACTCTACTETTGCTGETATTCTGGAGTATCAGTCTCCAT TG TTGCATAGTGCTCTGCCARTCAAG
VTGLGTFDNSTVAGTILETYOQSP?LLEHESATLEPTIHEK
AAGCTGCCTTTGTTCARGCCARCTCTGCCACCATTGARTGACACCAGTTTCGCCACTARCTTCTCCAAGARACT GAGATCACTGGCARGT
K LPLFEKPTLEPLNDTSTEAZTNTESEKETLRSTLAS
GCTCARTATCCAGCTARCGTTCCACAGARGGTTGACAAGAGSTTCTTCTTCACCATCTCTCTGGETACTAGACCATGTGATARGAACCAG
A QY PANVYPQERKYVDEKRTFEFFTISILGTRPCDE KEN-Q
ACTTGTCAAGETCCARACGEARCCAAGTTCTCTGCTTCTGTCAACAACGT T TCTTTCGTCT TGCCTARCACTGCTTTGCTTCAAGCTCAC
TCQGPNGTRKEFSASUYNNVYSFVLPNTALTLGOQAGE
TTCTTTGETCAGTCATTIGECGT TTACARCTCTGAT T TCCCATTCART CCARTCAACTGETACAACTACACCGGARRTAGT CCARACAAC
FFGQSFGVYNSDEFPRPEFNEPING WTYNTYTGNSEPRNDEN
ACTATGGTTGETAACGGTACTARAGTTCTGGTCTTGCCATTCAACACCTCCGTTGART TGGTGATGCARGACACTICTATCTTGGETGCT
TMVGENGTRKYVLYVLPEFNTSVETLYMQDTSTITLGHA
GARTCTCATCCACTGCATCTGCATGGT TTCAACTTCTTCGTCGTTGGACAGGEATTTGGT ART TACGATCCARACGAGGACCCARAGTCT
E S HPLEHLEGENTFETFGVYVGQGEFGNTYDPNEDTPES
TTCAACCTGGTCGATCCARTCGAGAGAARCACCTTGGTGTTCCARGTGETGET TGGATTGCTATCAGAT TCTTGGCTGATARCCCTGGA,
FNLYVDPIERSNTVYGYGPSGGWIAZIRTELADENESG
GTCTGETTTATGCACTGTCATTTGEAGGTICATACCTCTTGGGETCTGARGATGECTTGET TGGTCTTGGACGECAARCTGCCARACCAG
VWEFMECHTLETYVEHTSHWHGLEKMAMWELYILDGE TLZPNDQ
BAGTTGTTACCTCCACCT TCAGACCTGCCARAGTGTGCGGCCECGARTCATCATCATCATCATCATTAR

K L LPPPSDTLTGPEKTCAA AR BATNTEHTEHETEHEHEH
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