[bookmark: _Hlk160545220]Table S1. The common names, accession numbers and species of RIPs used in this study for phylogenetic analysis.
	[bookmark: _Hlk115442191]Item
	Name
	Accession number
	Species
	Identity (%) compared to c21873-1
	Note

	1
	MAP
	P21326.2
	Mirabilis jalapa
	49.17
	Designated as c23467 in this study

	2
	antiviral protein
	AFH66739.1
	Asparagus adscendens
	36.06
	partial

	3
	nigrin b-like
	XP_028106701.1
	Camellia sinensis
	35.78
	

	4
	PAP-S
	P23339.1
	Phytolacca americana
	33.33
	

	5
	agglutinin
	2ZR1_A
	Abrus precatorius
	33.33
	

	6
	lychnin
	P85101.1
	Silene chalcedonica
	33.33
	

	7
	ricin-agglutinin family protein
	EEF32950.1
	Ricinus communis
	33.19
	

	8
	ricin
	KAG1359230.1
	Cocos nucifera
	33.19
	

	9
	ribosome-inactivating protein
	ABG76785.1
	Panax ginseng
	32.78
	

	10
	saporin
	CAA41948.1
	Saponaria officinalis
	31.98
	

	11
	gynostemmin
	AAS15568.1
	Gynostemma pentaphyllum
	31.56
	

	12
	abrin-a-like
	XP_016675273.1
	Gossypium hirsutum
	30.37
	

	13
	RA39p
	BAB83662.1
	Oryza sativa
	29.03
	

	14
	ribosome-inactivating protein
	ABY71831.1
	[bookmark: OLE_LINK52]Nicotiana tabacum
	28.77
	partial

	15
	ribosome-inactivating protein
	XP_008599340.1
	Beauveria bassiana ARSEF 2860
	28.52
	

	16
	cucurmosin-like
	XP_008368937.2
	Malus domestica
	28.51
	

	17
	musarmin 1
	AAM89506.1
	Muscari armeniacum
	28.46
	

	18
	ricin A
	prf||1405280A
	Escherichia coli
	27.89
	

	19
	gelonin
	P33186.2
	Gelonium multiflorum
	27.86
	

	20
	β-momorcharin
	P24817.2
	Momordica charantia
	27.14
	

	21
	α-momorcharin
	P16094.2
	Momordica charantia
	25.71
	

	22
	ribosome-inactivating family protein
	WP_220647546.1
	[bookmark: OLE_LINK47]Streptomyces sp. MG28
	25.58
	

	23
	B-32
	P25892.1
	Zea mays
	25.32
	

	24
	trichosanthin
	AAB31048.1
	Trichosanthes kirilowii
	25.19
	

	25
	JIP60
	AVK42932.1
	Hordeum vulgare
	-*
	

	26
	MazF
	WP_000254738.1
	Enterobacterales
	-*
	


*, No significant similarity found between c21873-1 and proteins inputted.

Table S2. Primers used in the study
	Primer
	[bookmark: OLE_LINK13]Sequences (5′ to 3′)
	Usage

	AOX1-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGTTTGATCCCTTCGAATAATTAGTTG
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]To construct pδGAPh-Promoter-egfp plasmids used in E. coli, promoters are selected from AOX1, DAS1, DAS2, FDH1, FLD1 or PXR1, respectively.

	DAS1-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGTGTTTTGATGTTTGATAGTTTGA
	

	DAS2-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGTGTTTGTTCGATTATTCTCCAGAT
	

	egfp-Nco I
	ATGGTGAGCAAGGGCGAGGAGCTGTT
	

	egfp-PGK1-3
	GTTCTTTATTTTTCTCGCCTTGCATGCTTGCACAAACGAACTTCTCACTTAA
	

	FDH1-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGTTTAAGTGGGTGATGTTGGAGGTA
	

	FLD1-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGGAATTGACTATCTTCGAGTTAAAGT
	

	M13F
	CGTAAAACGACGGCCAGT
	

	MazF-Kpn I
	ACTAAAGGGAACAAAAGCTGGGTACC
	

	PXR1-egfp
	AACAGCTCCTCGCCCTTGCTCACCATGGTGAGTTGTGTGCTATTGATGTTGC
	

	[bookmark: _Hlk164182320]UG6-MazF-Nde I
	CAGATTGTACTGAGAGTGCACCATATGACTAAAGGGAACAAAAGCTGGTACC
	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]To construct pUG6- Promoter-egfp plasmids used in P. pastoris, promoters are selected from AOX1, DAS1, DAS2, FDH1, FLD1 or PXR1, respectively.

	UG6-MazF-Sal I
	CAATGATGATGATGATGATGGTCGACTTACTTGTACAGCTCGTCCATGCCGA
	

	BmT1-Sph I R1
	GTTCTTTATTTTTCTCGCCTTGCATGC
	To construct pδGAPh-Promoter-MAP-PDAS1-pcsk2 (or kex2) plasmids, promoters are selected from DAS1, DAS2 or FDH1, and MAPs are selected from c21873-1, c21873-1T or c23467.


	BmT1- Sph I R2
	GAGATAGGACGGTGGTGTTTTAGGATG
	

	c21873-2-1
	AGTCATGTCTAAGGCGAATTAATTCGTTACCAGAACTCAACAGCACCATCAT
	

	c21873-2-2
	TCATGTCTAAGGCGAATTAATTCGTTATGACTTCTTCAGAATACCTATAACTTGCTTTA
	

	c21873-2-F1
	[bookmark: OLE_LINK243][bookmark: OLE_LINK244]ATGATGGTGCTGTTGAGTTCTGGTAACGAATTAATTCGCCTTAGACATGACT
	

	c21873-2-F2
	[bookmark: OLE_LINK256][bookmark: OLE_LINK257]TAAAGCAAGTTATAGGTATTCTGAAGAAGTCATAACGAATTAATTCGCCTTAGACATGA
	

	c21873-DAS1
	[bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK245]AGGTGCCATAGCAGAAACAAGATTAGCCATGTTTTGATGTTTGATAGTTTGATAA
	

	c21873-DAS1F
	[bookmark: _Hlk96274897][bookmark: OLE_LINK258][bookmark: OLE_LINK259]TTATCAAACTATCAAACATCAAAACATGGCTAATCTTGTTTCTGCTATGGCACCT
	

	c21873-DAS2
	AGGTGCCATAGCAGAAACAAGATTAGCCATGTTTGTTCGATTATTCTCCAGATAA
	

	c21873-DAS2F
	GAACAAACATGGCTAATCTTGTTTCTGCTATGGCACCT
	

	[bookmark: OLE_LINK305][bookmark: OLE_LINK306]c21873-FDH1
	[bookmark: OLE_LINK246][bookmark: OLE_LINK247]AGGTGCCATAGCAGAAACAAGATTAGCCATGTTTAAGTGGGTGATGTTGGAGGTA
	

	c21873-FDH1F
	[bookmark: OLE_LINK231][bookmark: OLE_LINK232]TACCTCCAACATCACCCACTTAAACATGGCTAATCTTGTTTCTGCTATGGCACCT
	

	c23467-2
	GTTATGGGTTTGTTAAAGTCTTCATAACGAATTAATTCGCCTTAGACATGACT
	

	c23467-2R
	AGTCATGTCTAAGGCGAATTAATTCGTTATGAAGACTTTAACAAACCCATAAC
	

	c23467-DAS1
	[bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK270][bookmark: OLE_LINK271][bookmark: OLE_LINK301]GCTATTGTTTCCAATGTAGGTGCTGCCATGTTTTGATGTTTGATAGTTTGATAA
	

	c23467-DAS1F
	[bookmark: OLE_LINK299][bookmark: OLE_LINK300][bookmark: OLE_LINK268][bookmark: OLE_LINK269][bookmark: OLE_LINK294]CGAACAAACATGGCAGCACCTACATTGGAAACAATAGC
	

	c23467-DAS2
	GCTATTGTTTCCAATGTAGGTGCTGCCATGTTTGTTCGATTATTCTCCAGATAA
	

	c23467-DAS2F
	TCGAACAAACATGGCAGCACCTACATTGGAAACAATAGC
	

	c23467-FDH1
	[bookmark: OLE_LINK229][bookmark: OLE_LINK230]GCTATTGTTTCCAATGTAGGTGCTGCCATGTTTAAGTGGGTGATGTTGGAGGTA
	

	c23467-FDH1F
	TACCTCCAACATCACCCACTTAAACATGGCAGCACCTACATTGGAAACAATAGC
	

	DAS1-αF-R
	TTTTCTCTGCATGCCCCTCCTCCTTTGCTGCTATAGAAGCTA
	

	DAS1-Avr II
	TTCCACCGCCCGTTACCGTCCCTAGATTACTGTTTTGGGCAATCCT
	

	DAS1-F
	TTACTGTTTTGGGCAATCCTGTTGA
	

	kex2-αF
	GGAGGGGCATGCAGAGAAAAGAGCTCCTGGAGATAGTTCACT
	

	kex2-F
	[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK121]GCTCCTGGAGATAGTTCACTTCTTCCTG
	

	kex2-SBP-R
	ATCGCTTCCTCCTCCCGAGCCCCAGTGTCTCGAGCCTGATGTGTGATTACTGTGGTTT
	

	pcsk2-αF
	GGAGGGGCATGCAGAGAAAAGAGCTCCTGCAGGTTACAGAGA
	

	pcsk2-F
	GCTCCTGCAGGTTACAGAGACATTAATGAGATCGACATTAA
	

	pcsk2-SBP-R
	ATCGCTTCCTCCTCCCGAGCCCCAGTGTCTCGAGCCATTCTTATTCAGAATTGATTTC
	

	SBP-Nhe I
	TCAATTCAATTCAATGCTAGTTATCATCTTTTTCCTGGTTTCTTGAATCCTCTAGCTGA
	

	SBP-R
	TTCTTGAATCCTCTAGCTGAATCGCTTCCTCCTCCCGAGC
	

	9k-S2
	TTCAAGTTGGGCACTTACGAGAAGAC
	To construct pδGAPh-PDAS2-MAP c21873-1-PAOX1 (or PGAP)-α-factor-egfp and pδGAPh-PDAS2-MAP c21873-1-PAOX1 (or PGAP)-egfp plasmids.

	αF-R
	CTCCTCGCCCTTGCTCACCATAGCTTCAGCCTCTCTTTTCT
	

	AOX1-Nde I
	AAACAACTAATTATTCGAAACATATGGTGAGCAAGGGCGAGGAG
	

	AOX1-Nde I-α
	AAACAACTAATTATTCGAAACATATGCGTTTCCCAAGCATATTCAC
	

	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]AOX1-S3
	CACATTGTATGCTTCCAAGATTCTG
	

	egfp-F1
	AGAAAAGAGAGGCTGAAGCTATGGTGAGCAAGGGCGAGGAG
	

	GAP-Nde I
	ATTGAACAACTATCAAAACACATATGGTGAGCAAGGGCGAGGAG
	

	GAP-Nde I-α
	ATTGAACAACTATCAAAACACATATGCGTTTCCCAAGCATATTCAC
	

	GAP-P1
	ACCCGACCTAGCAGCCCAGGGATGG
	

	PGK1-Nhe I
	TTCAATTCAATTCAATGCTAGCTTACTTGTACAGCTCGTCCATGCC
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Fig. S1 Confirmation of the transformants by colony PCR amplification. The amplified DNA fragments of the negative colony without destruction of BmT1 homologous fragment or with random integration of MAPs-GOI-Hyg B cassette in other genomic loci are 2.5 kb. M: DNA molecular weight markers.
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Fig. S2 Confirmation of the transformants by colony PCR amplification. The negative colony without destruction of BmT1 homologous fragment or with random integration of MAPs-GOI-Hyg B cassette in other genomic loci presents a 2.5-kb DNA band. Transformant harboring with BmT1 locus and MAPs-GOI-Hyg B cassette gives a band of nearly 14 kb as the red arrow highlighted. The primary positive colonies were annotated with the underlined number. M: DNA molecular weight markers.
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Fig. S3 Verification of the transformants after counter-selection by colony PCR analysis. The amplified DNA fragment for the false deletion of the counter-selectable marker gives a band of about 1.0 kb. The primary positive colonies were annotated with the underlined number. M: DNA molecular weight markers.
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Fig. S4 Western blot analysis of the expression of two chaperone proteins, ERp46 and P4HB. The theoretical molecular weights of them are 46.9 and 57.7 kDa, respectively. M: protein molecular weight markers.

ORF sequence of MAP c21873-1
[bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK357]ATGGCTAATCTTGTTTCTGCTATGGCACCTCGTCTTCCTCCACCACCTCCTCGTGCTCCTCCACCTCCACCTCCAATTCAAAAGACTTCAACTTTAGACCTGAACCAACCTGCTACATATCGTACATTCATCACAGATGTACGTAATAAATTAGCAGAAAAAGATGCTAAAGGTAATTATGTATTGAAATGTACTATGCAGAAAATTTCTCGTACAGTTCCACCAGAGGGTTTTATGTATGTTCAACTGATAGCTTCATCTTCAAAGACTATAACATTAGCATTGGATTTATCTAATGCTTATGTTATTGGTTATTTGGACAAATTCAACAATAAAGATCGTGCTTTCTTTTTCAAAGAGTATTTTGCTCAACCTAATCTGATTGGAAATGTTTTCCCTTTAGCAACTGGTAAAGAATATCGTCTTGATTTGGGATTTACTGGACGTTACCAAGATTTGGAGAAGTACGGTGATCGTCGTTCTACTCCATTAGGAATCTCCAAGTTACAATCTTCAATAACAGATATTTACGGTAAAAATGTTAAAGATATTCAGAAGGGTCAGCGTAAGTTTCTGTTGATTGCAGTTCAGATGGTTTCTGAGGCAGCTCGTTTTACATATATTTCTGATAAGATTCCACAAGATGCACATGCCACTTTGACAGTTGATGACCGTGTTCTTGCATTGGAAAATGGATGGGACCCATTATCAACTGCTGTTTATTTATCTAAGACTTCTACTACAACTACTAAGTGTGCATTGAAACAACCAGTTTCATTAACCTTAGATCAAGGTAAAAAATGGACCTTCAACACAGTGGAGGATATAAAGCAAGTTATAGGTATTCTGAAGGCTGAGGGTACTACTTTATTTACTGACAATGATGATGGTGCTGTTGAGTTCTGGTAA

ORF sequence of MAP c21873-1T
[bookmark: OLE_LINK360][bookmark: OLE_LINK361]ATGGCTAATCTTGTTTCTGCTATGGCACCTCGTCTTCCTCCACCACCTCCTCGTGCTCCTCCACCTCCACCTCCAATTCAAAAGACTTCAACTTTAGACCTGAACCAACCTGCTACATATCGTACATTCATCACAGATGTACGTAATAAATTAGCAGAAAAAGATGCTAAAGGTAATTATGTATTGAAATGTACTATGCAGAAAATTTCTCGTACAGTTCCACCAGAGGGTTTTATGTATGTTCAACTGATAGCTTCATCTTCAAAGACTATAACATTAGCATTGGATTTATCTAATGCTTATGTTATTGGTTATTTGGACAAATTCAACAATAAAGATCGTGCTTTCTTTTTCAAAGAGTATTTTGCTCAACCTAATCTGATTGGAAATGTTTTCCCTTTAGCAACTGGTAAAGAATATCGTCTTGATTTGGGATTTACTGGACGTTACCAAGATTTGGAGAAGTACGGTGATCGTCGTTCTACTCCATTAGGAATCTCCAAGTTACAATCTTCAATAACAGATATTTACGGTAAAAATGTTAAAGATATTCAGAAGGGTCAGCGTAAGTTTCTGTTGATTGCAGTTCAGATGGTTTCTGAGGCAGCTCGTTTTACATATATTTCTGATAAGATTCCACAAGATGCACATGCCACTTTGACAGTTGATGACCGTGTTCTTGCATTGGAAAATGGATGGGACCCATTATCAACTGCTGTTTATTTATCTAAGACTTCTACTACAACTACTAAGTGTGCATTGAAACAACCAGTTTCATTAACCTTAGATCAAGGTAAAAAATGGACCTTCAACACAGTGGAGGATATAAAGCAAGTTATAGGTATTCTGAAGTAA

ORF sequence of pcsk2
ATGGCTCCTGCAGGTTACAGAGACATTAATGAGATCGACATTAACATGAACGATCCTCTTTTTACAAAGCAGTGGTATTTGATTAATACTGGTCAAGCTGATGGTACTCCTGGTCTGGATTTGAATGTTGCTGAAGCATGGGAGTTGGGATACACAGGAAAAGGTGTTACTATTGGAATTATGGATGATGGTATTGATTATCTGCACCCTGATTTGGCTTCTAACTATAATGCTGAAGCATCTTACGATTTCTCATCTAACGATCCTTATCCTTACCCTAGATACACAGATGACTGGTTTAACTCTCACGGTACTAGATGTGCAGGAGAAGTTTCTGCTGCTGCTAATAACAATATTTGTGGAGTTGGAGTAGCATACAACTCTAAGGTTGCAGGTATTAGAATGTTGGATCAGCCATTCATGACAGACATCATTGAGGCTTCATCTATTTCTCACATGCCACAGTTGATTGACATTTACTCTGCTTCATGGGGTCCTACAGACAACGGTAAGACAGTTGATGGTCCTAGAGAGCTGACTTTGCAGGCTATGGCTGATGGTGTTAATAAGGGTAGAGGTGGAAAAGGTTCTATTTACGTTTGGGCTTCTGGTGACGGTGGATCTTATGACGATTGCAACTGTGATGGTTACGCTTCTAGCATGTGGACTATTTCTATTAACTCAGCTATTAACGATGGTAGAACTGCTTTGTACGACGAGTCTTGCTCTTCAACTTTGGCTTCTACTTTCTCTAACGGTAGAAAAAGGAATCCTGAGGCTGGTGTTGCAACTACAGATTTGTACGGTAACTGCACTTTGAGACATTCTGGTACATCTGCAGCTGCTCCTGAGGCAGCTGGTGTTTTTGCATTGGCTTTGGAGGCTAACTTGGGTTTGACTTGGAGAGATATGCAGCATTTGACTGTGCTgACtTCtAAACGTAACCAGTTGCACGACGAGGTTCATCAGTGGTGGAGAAATGGTGTTGGTTTGGAATTTAATCACCTGTTTGGTTACGGTGTTCTGGATGCAGGTGCTATGGTTAAAATGGCTAAAGACTGGAAAACTGTTCCTGAGAGATTCCACTGTGTTGGAGGTTCTGTGCAAGATCCTGAGAAAATACCATCTACTGGTAAGTTGGTGTTGACACTGACAACCGACGCTTGTGAGGGTAAGGAAAATTTTGTTAGATACTTGGAGCACGTGCAGGCTGTTATTACTGTTAATGCAACCAGAAGAGGAGATTTGAACATTAATATGACTTCTCCTATGGGTACTAAGTCTATTTTGCTGTCTCGTAGACCAAGAGATGACGATTCTAAGGTTGGTTTTGATAAGTGGCCTTTCATGACTACTCACACTTGGGGTGAAGATGCTAGAGGTACTTGGACTTTGGAGCTGGGATTTGTTGGTTCTGCTCCTCAGAAGGGTGTTTTGAAGGAGTGGACTTTGATGTTGCATGGTACTCAGTCTGCTCCTTACATTGACCAGGTTGTTCGTGATTACCAGTCTAAGTTGGCTATGTCTAAGAAAGAGGAGTTGGAGGAAGAGTTGGATGAAGCTGTtGAGAGATCATTGAAATCAATTCTGAATAAGAATGGCTCGAGACACTGGGGCTCGGGAGGAGGAAGCGATTCAGCTAGAGGATTCAAGAAACCAGGAAAAAGATAA

ORF sequence of kex2
ATGGCTCCTGGAGATAGTTCACTTCTTCCTGTTAAGGAGGCAGAAGACAAGTTGTCTATTAACGACCCTTTGTTCGAAAGACAATGGCATCTAGTTAATCCTTCATTCCCAGGTTCAGACATTAACGTATTGGACTTATGGTATAACAACATAACTGGTGCTGGTGTTGTTGCAGCAATAGTAGACGACGGTTTGGATTATGAGAACGAGGATCTAAAAGACAACTTCTGTGCAGAGGGAAGCTGGGACTTTAATGATAACACTAACTTGCCAAAGCCTCGTTTGAGCGACGATTATCACGGAACTAGGTGCGCTGGAGAGATTGCAGCTAAGAAGGGAAATAACTTCTGTGGAGTTGGTGTTGGATATAATGCAAAGATTAGTGGTATTAGGATTCTTAGTGGAGACATTACAACTGAGGACGAGGCAGCTAGTCTTATATACGGATTGGATGTTAATGACATTTACAGTTGTAGTTGGGGACCAGCAGACGATGGTAGGCACCTTCAGGGTCCATCAGATTTAGTTAAGAAAGCACTTGTTAAGGGAGTAACAGAAGGTAGGGACAGTAAGGGTGCTATATATGTATTCGCTTCAGGTAACGGAGGTACAAGAGGAGACAACTGTAACTATGATGGTTACACAAACAGTATTTACAGCATAACAATAGGTGCAATAGACCATAAGGACTTGCACCCACCATACAGTGAGGGATGCAGTGCTGTTATGGCTGTTACTTACAGCAGTGGAAGTGGTGAGTACATACACAGCTCAGACATTAATGGTCGTTGTTCAAACTCTCATGGAGGTACTAGCGCTGCTGCACCTCTTGCAGCTGGAGTATATACACTTCTTTTGGAGGCTAATCCTAATTTGACATGGCGTGATGTTCAATACCTTAGTATTCTTAGCGCTGTTGGTCTTGAGAAAAATGCAGATGGTGACTGGCGTGACTCTGCTATGGGTAAAAAGTATAGCCACAGATACGGTTTCGGAAAGATTGACGCTCACAAACTTATAGAGATGAGTAAAACTTGGGAAAACGTAAATGCTCAGACTTGGTTCTATTTACCTACTCTTTACGTAAGTCAAAGTACTAATAGTACTGAGGAAACTCTTGAGAGTGTTATTACTATTAGCGAGAAGTCATTGCAGGACGCAAATTTTAAACGTATAGAACATGTTACTGTTACAGTTGACATAGACACTGAGATACGTGGTACAACTACAGTTGACCTTATTAGTCCTGCTGGTATTATAAGTAATTTGGGTGTAGTTCGTCCTCGTGACGTAAGTAGCGAAGGTTTTAAGGATTGGACTTTTATGAGCGTTGCTCACTGGGGAGAAAATGGTGTTGGAGACTGGAAGATTAAAGTAAAAACTACTGAGAACGGTCATAGAATAGATTTTCATTCATGGCGTTTAAAATTGTTCGGTGAGAGTATAGACAGTAGCAAGACTGAGACATTTGTTTTCGGTAATGACAAGGAAGAAGTAGAGCCAGCAGCAACTGAGTCAACTGTTAGTCAGTACAGCGCTTCAAGCACAAGCATAAGTATTTCTGCAACAAGCACTAGCAGCATTAGTATAGGAGTTGAGACTTCTGCTATACCTCAGACTACAACAGCTTCAACTGACCCAGACAGCGACCCTAATACACCAGGAGGTAGCGCAAATAATTTGAGTAATGAATCAAACGGAACAAACCACAGTAATCACACATCAGGCTCGAGACACTGGGGCTCGGGAGGAGGAAGCGATTCAGCTAGAGGATTCAAGAAACCAGGAAAAAGATAA
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