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Methods
Construction of gRNA-Cas9 plasmids bearing gRNA and Cas9 expression cassette
For construction of gRNA-Cas9 plasmid [1], PARS, DAS1TT, PHTX1 were amplified from Pichia pastoris GS115 genomic DNA, respectively. KU70-gRNA1 was synthesized by Suzhou Genewiz Biotech Co., Ltd., China. Then PHTX1 and KU70-gRNA1, PARS and DAS1TT were joined by overlap-extension PCR, resulting in pHTX-KU70-gRNA1 and PARS-DAS1TT, respectively. Moreover, HsCAS9 was amplified from the template vector p414-TEF1p-Cas9-CYC1t (ID: 43802, obtained from Addgene, USA) [2]. Afterwards, pHTX-KU70-gRNA1, PARS-DAS1TT and HsCAS9 were assembled into a linearized pPIC3.5K vector (amplified with primer pairs of Plasmid-PARS/3AOX1F), leading to the plasmid pPIC3.5K-KU70-gRNA1. The other plasmids, pPIC3.5K-KU70-gRNA2, pPIC3.5K-GUT1-gRNA1, pPIC3.5K-GUT1-gRNA2, pPIC3.5K-GUT1-gRNA3, were derived from pPIC3.5K-KU70-gRNA1 by designing primers to change gRNA targets.
Construction of donor cassette plasmids for gene knockout
Upstream and downstream homologous arms (~ 1 kb) of the target gene KU70 was amplified from genomic DNA of P. pastoris GS115, which were joined by overlap-extension PCR and then assembled into the EcoRI/HindIII site of pUC18 to generate plasmid pUC18-DKU70. The plasmid pUC18-DGUT1 was obtained in a similar manner.
Construction of P. pastoris Δku70 strain
[bookmark: _GoBack]In order to promote HR efficiency, histidine-auxotroph KU70 deletion strain (Δku70) was obtained after the key gene KU70 for NHEJ was deleted using CRISPR-Cas9 in P. pastoris GS115 (Additional file 1: Fig. S1). Firstly, gRNA targets (Additional file 2: Table S4) were designed targeting to KU70 gene, which is close to the start codon and shows low homology with genome. After that, gRNA-Cas9 circular plasmid and donor DNA were co-transformed into GS115. After grown on YND plate, the colonies were cultured in YND liquid medium. The KU70 knockout strain was identified by genotyping PCR. Then, the cells were streaked out on YPD agar plates for losing plasmid. The desired strain was verified by genotyping PCR, which was KU70 knockout and plasmid with CAS9, gRNA and histidine selective marker lost. Finally, the obtained strains were further spread on YND plates until no colony grew on the plate after 5 days, proving that the free plasmid containing histidine selective marker was lost. The GUT1 was knocked out using the plasmid pUC18-DGUT1 referring to the method for KU70 knockout.
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