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Supplementary Table S1 List of strains in this study.
	Strains
	Description
	Source

	CaroNtCCD4-TOP10
	TOP10, carrying NtCCD4-pColdTF and pAC-BETAipi
	This study

	CaroNtCCD10-TOP10
	TOP10, carrying NtCCD10-pColdTF and pAC-BETAipi
	This study

	CaroTF-TOP10
	TOP10, carrying pColdTF and pAC-BETAipi
	This study

	Caro-TOP10
	TOP10, carrying pAC-BETAipi
	This study

	LBA4404-NtCCD4
	LBA4404-1301-NtCCD4
	This study

	LBA4404-NtCCD10
	LBA4404-1301-NtCCD10
	This study






Supplementary Table S2 List of plasmids and their information.
	Plasmids
	Description
	Source

	NtCCD4-TF
	pColdTF carrying NtCCD4 from N. tabacum
	This study

	NtCCD10-TF
	pColdTF carrying NtCCD10 from N. tabacum
	This study

	pAC-BETAipi
	ctrE, crtB, crtI, crtY, and IDI from Erwinia herbicola
	Addgene

	1301-NtCCD4
	pCAMBIA1301 carrying the fragment P35S-NtCCD4-GFP-TNos
	This study

	1301-NtCCD10
	pCAMBIA1301 carrying the fragment P35S-NtCCD10-mCherry-TNos
	This study

	pCAMBIA1301
	[bookmark: OLE_LINK13][bookmark: OLE_LINK1]Hyg,kan, 35Sp, Nost,Gus,6×His
	Addgene

	[bookmark: _Hlk211950395]p2300
	pCodTF carrying mCherry gene
	Store in lab

	pGFP
	pCodTF carrying GFP gene
	Store in lab






Supplementary Table S3 List of primers and their sequences information.
	Primers
	Sequence(5’→ 3’)
	using

	beta-F
	ATGGTGAGTGGCAGTAAAGC
	PCR

	beta-R
	TCAGGCGATTTTCATGACCGG
	PCR

	NtCCD10-F
	GGGGTACCATGGCCTTTTGTAG
	Kpn I

	NtCCD10-R
	CCCAAGCTTTTATAAAGGCATG
	Hind III

	NtCCD4-F
	CGGGGTACCATGGATGCCTTCTC
	Kpn I

	NtCCD4-R
	CCGGAATTCCTACAGTTTCC
	EcoR I

	E35S-F1
	CAGGAAACAGCTATGACCATGATTACGTGAGACTTTTCAACAAAGGGTAATATCGGG
	35s PCR

	E35S-R1
	CTTGAAATGTGTAACTACAAAAGGCCATTCAGCGTGTCCTCTCCAAATGAAA
	35s PCR

	NtCCD10-F2
	TTTCATTTGGAGAGGACACGCTGA ATGGCCTTTTGTAGTTACACATTTCAAG
	NtCCD10 PCR

	NtCCD10-R2
	GCCCTTGCTCACCATTTATAAAGGCATGAAAGCTCCATGAAATCCA
	NtCCD10 PCR

	GFP-F3
	TTCATGCCTTTATAAATGGTGAGCAAGGGCGAG
	GFP PCR

	GFP-R3
	AATGTTTGAACGATCTTACTTGTACAGCTCGTCCATGCC
	GFP PCR

	NOS-F4
	GAGCTGTACAAGTAAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAG
	NOS PCR

	NOS-R4
	ACTCTAGAGGATCCCCGGGTACCGAGCTCGGATCTAGTAACATAGATGACACCGCGC
	NOS PCR

	35S-F1
	GAGAACACGGGGGACTCTTGACTGAGACTTTTCAACAAAGGGT
	For 1301-NtCCD4

	35S-R1
	CAAAACCTATTAAGATTTTAATATGTTCTCTCCAAATGAAATGAAC
	For 1301-NtCCD4

	5UTR-F2
	GTTCATTTCATTTGGAGAGAACA TATTAAAATCTTAATAGGTTTTG
	For 1301-NtCCD4

	5UTR-R2
	GGAAGAGAAGGCATCCATGGTACCCGAATTTGGGCAGAATATACAG
	For 1301-NtCCD4

	NtCCD4-F3
	CTGTATATTCTGCCCAAATTCG GGTACCATGGATGCCTTCTCTTCC
	For 1301-NtCCD4

	NtCCD4-R3
	CTTGCTCACCATAGAACCACCACCGAATTCCAGTTTCCTAAGATCAG
	For 1301-NtCCD4

	mCherry-F4
	CTGATCTTAGGAAACTGGAATTC GGTGGTGGTTCTATGGTGAGCAAG
	For 1301-NtCCD4

	mCherry -R4
	GAAAATTTAATGAAACCAGAGTTAATCACTTGTACAGCTCGTCCATG
	For 1301-NtCCD4

	3UTR-F5
	CATGGACGAGCTGTACAAGTGA TTAACTCTGGTTTCATTAAATTTTC
	For 1301-NtCCD4

	3UTR-R5
	CGAGCTGGTCACCTGTAATTCACACAATAAAATTAAAATCTTTTTGTG
	For 1301-NtCCD4


Supplementary Table S4 The CCDs amino acid sequences in this study.
	Name
	Sequences

	NtCCD4
	MDAFSSTFLSTLSLHPKSLLSPNYSPNTSSSLALKVSSVRIEERPQTTTRTKPQEKPTPSPYTPPKDTPKRQLPTKSTTTKKTVKPSFPSVIFNAFDDFVNTFIDPPLKPSVDPKYILSNNFAPVDELPPTECEVVVGSLPPCLDGAYIRNGPNPQYLPRGPYHLFDGDGMLHCIKISQGKATLCSRYVKTYKYIIEREAGSPVIPNVFSGFNGLTASAARGAITAARAIAGQFNPTNGIGLANTSLALFGGKLFALGESDLPYAVKLAPDGDIITLGRYDFDGKLFMSMTAHPKIDPDTNEAFAFRYGPMPPFLTYFRIEPNGTKTPDVPIFSMTRPSFLHDFAITKKYAIFSDIQIGMNPLEFITGGSPVSSDSGKVPRLGVIPRYAKDESEMRWFDVPGFNIVHAINAWDEDDGDTIVMVAPNILSVEHTLERMDMIHASVEKVKIDLKSGMVSRHPVSTRNLDFGVINPAYVGKKNKYVYAAIGDPMPKIAGIAKLDVSVAEADRRECIVACRLFGEGCFGGEPFFVAKDPNNSAADEDDGYVVSYVHNEKTGESRFLVMDAKSPNLDIVTAVKLPRRVPYGFHGLFVRETDLRKL

	NtCCD10
	MAFCSYTFQVNCSFQRPSVPSKVQDLRGSISSALNPISRELVHFPIVNIPKAIKETSFKLLDAFVDLAFEFVDQPLLPSQSNFAPVEEIGEAVLVTTVEGKIPDDFPEGVYIRNGSNPLFGGLKSTKSIFGKSSHVWIEGEGMLHALYFTREKIRGTWTTFYNNKHVQTDTFKMEKDRKKPGFLPAIEGDSPAILVAYILNGLRFGMENKHLSNTNIFEHSKKYYSIAENHMPQEIDISSLETLGNWNINGAWDRPFTSHPKKAPGSGELVIMGIYPRKPYFELGVISADGKKMVHKVDLNFNRCSLCHEIGVTQKYNVIMDFPLTIDINRLFRGDPLIKYDKDGYARIGVMPRYGDANSVKWFEVQTCCVLHLVNCFEDNDEVVVRACRARESVLPRQQSFKGSKEISSIENNNESSVEPFFVHVCEWRLNMRTGEVKEKNATTEFSMEFPVINEKFVGLRNRFGYLQVVDLEASSISEGLAKYGGLAKLHFKEDEELAKVEYHMFPKGTFCSGATFVPKTQGTDEDDGWVVTFTHNESTNVSQVYVVDAKNFATQSVATITLPSRVPYGFHGAFMPL
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Supplementary Fig. S1 Granulation structure diagram of tobacco products.



[image: 图示

AI 生成的内容可能不正确。]
Supplementary Fig. S2 Three different Agrobacterium contamination methods and the state of callus cells.
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Supplementary Fig. S3 Detection results of β-carotene in tobacco callus by HPLC.
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Supplementary Fig. S4 Detection results of β-ionone in tobacco callus by UPLC.
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Supplementary Fig. S5 Evaluation results of the effectiveness of the tobacco products. Control 0#: wild‑type callus; Sample 1#: empty‑vector callus; Sample 2#: CCD10‑expressing callus; Sample 3#: CCD4‑expressing callus. Sample 4#: extract of empty‑vector callus; Sample 5#: extract of CCD10 callus; Sample 6#: extract of CCD4 callus.
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