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Supplementary Table 1. Hansenula polymorpha strains used in this study 

Strains Description Reference 

WT NCYC495, leu1.1 (Sudbery et al, 

1988) 

yku80 NCYC495 YKU80::URA3 (Saraya et al, 

2012) 

WT PMP47-mGFP pMCE7::sh ble (Manivannan et 

al, 2013) 

pex11 PMP47-mGFP PEX11::URA3 pMCE07::sh ble (Thomas et al, 

2015) 

pex23 PMP47-mGFP PEX23::sh ble YKU80::URA3 pHIPN-

PMP47-GFP::NAT 

(Wu et al, 2020) 

pex24 PMP47-mGFP PEX24::sh ble YKU80::URA3 pHIPN-

PMP47-GFP::NAT 

(Wu et al, 2020) 

pex11 PEX11::URA3 (Krikken et al, 

2009) 

vps13 VPS13::sh ble YKU80::URA3 This study 

pex11 vps13 PEX11::URA3 VPS13::HPH This study 

HF246 GFP-SKL pHI-GFP-SKL::LEU2 (van Dijk et al, 

2001) 

vps13 GFP-SKL VPS13::sh ble pHIPX7-GFP-SKL::LEU2  

YKU80::URA3 

This study 
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pex11 GFP-SKL PEX11::URA3 pHIPZ4-GFP-SKL::sh ble (Nagotu et al, 

2008) 

pex11 vps13 GFP-SKL PEX11::URA3 VPS13::HPH   pHIPZ7-

GFP-SKL::sh ble 

This study 

pex11 vps13 PEX14-

mCherry PEX3-mGFP 

PEX11::URA3 VPS13::HPH pHIPN-

PEX14-mCherry::NAT pHIPZ-PEX3-

GFP::sh ble 

This study 

pex11 vps13 PEX14-

mCherry PEX8-mGFP 

PEX11::URA3 VPS13::HPH pHIPN-

PEX14-mCherry::NAT pMCE4::sh ble 

This study 

pex11 vps13 PEX14-

mCherry PEX10-mGFP 

PEX11::URA3 VPS13::HPH pHIPN-

PEX14-mCherry::NAT pMCE5::sh ble 

This study 

pex11 vps13 PEX14-

mCherry PEX13-mGFP 

PEX11::URA3 VPS13::HPH pHIPN-

PEX14-mCherry::NAT pSEM03::sh ble 
This study 

pex11 vps13 PEX14-

mCherry PMP47-

mGFP 

PEX11::URA3 VPS13::HPH pHIPN-

PEX14-mCherry::NAT pMCE7::sh ble 

This study 

dnm1 DsRed-SKL DNM1::LEU2 pHI-DsRed-SKL::URA3 (Cepinska et al, 

2011) 

dnm1 vps13 DsRed-

SKL 

VPS13::sh ble DNM1::HPH pHIPN4-

DsRed-SKL::NAT  YKU80::URA3 
This study 

pex23 DsRed-SKL PEX23::sh ble pHIPN4-DsRed-SKL::NAT  

YKU80::URA3 

This study 

pex23 vps13.DsRed-

SKL 

PEX23::sh ble VPS13::HPH  pHIPN4-

DsRed-SKL::NAT YKU80::URA3 

This study 

pex24 GFP-SKL PEX24::sh ble YKU80::URA3 pHIPX4-

GFP-SKL::LEU2   

(Wu et al, 2020) 
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pex24 vps13 GFP-SKL PEX24::sh ble VPS13::HPH 

YKU80::URA3 pHIPX4-GFP-SKL::LEU2   

This study 

pex23 PEX23::sh ble YKU80::URA3 (Wu et al, 2020) 

pex24 PEX24::sh ble YKU80::URA3 (Wu et al, 2020) 

pex23 vps13 PEX23::sh ble VPS13::HPH  

YKU80::URA3 

This study 

pex24 vps13 PEX23::sh ble VPS13::HPH 

YKU80::URA3 

This study 

pex11 vps13 PMP47-

GFP PADH1PEX14 

PEX11::URA3 VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM059::sh ble 

This study 

pex11 vps13 PMP47-

GFP PADH1 PEX14-

2xHA-UBC6 

PEX11::URA3 VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM053::sh ble 

This study 

pex23 vps13 PMP47-

GFP PADH1PEX14 

PEX23::sh ble VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM069::LEU2  

YKU80::URA3 

This study 

pex23 vps13 PMP47-

GFP PADH1PEX14-

2xHA-UBC6 

PEX23::sh ble VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM072::LEU2  

YKU80::URA3 

This study 

pex24 vps13 PMP47-

GFP PADH1PEX14 

PEX24::sh ble VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM069::LEU2  

YKU80::URA3 

This study 

pex24 vps13 PMP47-

GFP PADH1PEX14-

2xHA-UBC6 

PEX24::sh ble VPS13::HPH pHIPN-

PMP47-GFP::NAT pARM072::LEU2  

YKU80::URA3 

This study 
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Supplementary Table 2. S. cerevisiae strains used in this study 

WT BY4742 Euroscarf 

collection 

WT GFP-SKL BY4742, pSL34::sh ble This study 

pex11 GFP-SKL BY4742, PEX11::KanMX, pSL34::sh ble This study 

vps13 GFP-SKL BY4742, VPS13::KanMX, pSL34::sh ble This study 

pex11 vps13 GFP-SKL BY4742, VPS13::KanMX PEX11::NAT, 

pSL34::sh ble 

This study 
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Supplementary Table 3. Plasmids used in this study 

Plasmids   Description References 

pREMI-Z REMI plasmid for transposon mutagenesis, 

ZeoR, AmpR 

(van Dijk et al, 

2001) 

pMCE7 pHIPZ plasmid containing gene encoding 

C-terminal of Pmp47 fused to mGFP; 

ZeoR, AmpR 

(Saraya et al, 2012) 

pHIPN-PMP47-GFP pHIPN plasmid containing C-terminal of 

Pmp47 fused to mGFP; NatR, AmpR 

This study 

pHI-GFP-SKL pHI plasmid containing GFP-SKL under 

the control of  PAOX; URA3, AmpR 

(Cepinska et al, 

2011) 

pHIPX7-GFP-SKL pHIPX plasmid containing GFP-SKL 

under the control of PTEF; LEU2, KanR 

(Baerends et al, 

1997) 

pHIPZ4-GFP-SKL pHIPZ plasmid containing GFP-SKL 

under the control of PAOX; ZeoR, AmpR 

(Leao-Helder et al, 

2003) 

pHIPZ7-GFP-SKL pHIPZ plasmid containing GFP-SKL 

under the control of PTEF; ZeoR, AmpR 
(Knoops et al, 2014) 

pSL34 Plasmid containing GFP-SKL under the 

control of PMET25; ZeoR, AmpR 

(Lefevre et al, 2013) 

pSEM01 pHIPN plasmid containing gene encoding 

C-terminal part of Pex14 fused to 

mCherry; NatR, AmpR 

(Knoops et al, 2014) 

pHIPZ-PEX3-mGFP pHIPZ plasmid containing gene encoding 

C-terminal of Pex3 fused to mGFP; ZeoR, 

AmpR 

This study 
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pMCE4 pHIPZ plasmid containing gene encoding 

C-terminal of Pex8 fused to mGFP; ZeoR, 

AmpR  

(Cepinska et al, 

2011) 

pMCE5 pHIPZ plasmid containing gene encoding 

C-terminal of Pex10 fused to mGFP; ZeoR, 

AmpR 

(Cepinska et al, 

2011) 

pSEM03 pHIPZ plasmid containing gene encoding 

C-terminal of Pex13 fused to mGFP; ZeoR, 

AmpR 

(Knoops et al, 2014) 

pMCE7 pHIPZ plasmid containing gene encoding 

C-terminal of Pmp47 fused to mGFP; 

ZeoR, AmpR 

(Cepinska et al, 

2011) 

pHI-DsRed-SKL pHI plasmid containing DsRed-SKL under 

the control of  PAOX; URA3, AmpR 
(Nagotu et al, 2008) 

pHIPN4-DsRed-

SKL 

pHIPN plasmid containing DsRed-SKL 

under the control of PAOX; NatR, AmpR 

(Cepinska et al, 

2011) 

pHIPX4-GFP-SKL pHIPX plasmid containing GFP-SKL 

under the control of PAOX; LEU2, KanR 
(Faber et al, 2002) 

pARM059 pHIPZ plasmid containing PEX14 under 

the control of PADH1; ZeoR, AmpR 

(Wu et al, 2020) 

pARM053 pHIPZ plasmid containing PEX14-2xHA-

UBC6 under the control of PADH1; ZeoR, 

AmpR 

(Wu et al, 2020) 

pARM069 pHIPX plasmid containing PEX14 under 

the control of PADH1; LEU2, KanR 

This study 

pARM072 pHIPX plasmid containing PEX14-2xHA-

UBC6 under the control of PADH1; LEU2, 

KanR 

This study 
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Supplementary Table 4. Genes identified by transposon mutagenesis of H. polymorpha pex11 

cells 

Genes identified Times found Function 

PEX1 1 Matrix protein import 

PEX2 2 Matrix protein import 

PEX4 1 Matrix protein import 

PEX5 3 Matrix protein import 

PEX6 3 Matrix protein import 

PEX8 4 Matrix protein import 

PEX10 2 Matrix protein import 

PEX12 3 Matrix protein import 

PEX25 2 PMP with unknown function 

PEX26 2 Matrix protein import 

AMO 3 Amine oxidase 

IRA1 1 GTPase activating protein 

MUT3 1 Alcohol oxidase activation 

HPODL_04236 1 Hypothetical protein 

HPODL_05268 1 Putative transcription factor 

MPP1 3 Transcription factor 

VPS13 9 

Involved in prospore membrane formation, 

localizes to several membrane contact 

sites;  
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