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Fig 4. and Fig 5. Analyses of protein expression level and N-glycan profile in K. 

marxianus α2, αO3-I2, αO4-I3, αO4-I3∆C, αO4-I4∆C, αO4-I4, αO4-I3∆R and αO4-I4∆R.  
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S5 Fig. Validation of the insertions of donor DNAs in transformants by PCR. N: 

negative control; M: DNA marker. Lane 1: the 4G5 wild type, Lanes 2 - 4: strains not 

used in this paper; Lane 5: Cas9-carrying K. marxianus α2; Lane 6: K. marxianus αO3-

I2, Lane 7: K. marxianus αO4-I3, Lane 8: K. marxianus αO4-I4, Lanes 9 - 13: strains not 

used in this paper. (a) The arrow indicates that the HR-Blank cassette was inserted into 

the ALG3 gene. (b) The arrow indicates that the GnTII cassette was inserted into the 

KU70 gene. (c) The arrow indicates that the MdsI and GnTI cassettes were inserted into 

the URA3 gene. (d) All gene cassettes were inserted into the chromosome and the 

inserted gene cassettes were validated by PCR, using the S1274 and S1276 primer pairs. 

The arrows indicate the transformed genes of different fragment sizes. (e) Validation 

of the MdsI gene insertion in the URA3 gene by PCR with the primer pair: ura3-F and 
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MdsI-788R. (f) Validation of the Cas9 gene in the cell by PCR with the primer pair: 

S1274-F and Cas9-M2R. (g) Validation of the mating-types of the transformants by PCR 

with the primer pair: Haploid-FP1 and Haploid-RP1. The arrow indicates the α type 

fragment; the other fragment is the a type. If the strain is a diploid, it includes both 

fragments. 
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S6 Fig. Validation of the knockouts and knockins of donor DNAs to the target gene in 
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antibiotic-free strains by PCR. N: Negative control, M: DNA marker, Lane 1: αO4-I3∆C, 

Lane 2: αO4-I4∆C, Lane 3: αO4-I3∆R, Lane 4: αO4-I4∆R. (a) All gene cassettes were 

inserted to the chromosome and the genes inserted were validated by PCR, using the 

S1274F and S1276R primer pairs. The white font indicates the different fragment sizes 

of the transformed genes on the left side of the figure. We used the S1274F and MdsI-

R2 primer pairs to confirm the three strains that were supposed to carry by the MdsI 

gene (right side of the figure). (b) The left side of the figure confirmed that the GnTI 

gene was inserted into the URA3 gene position; it was checked by PCR using the URA3-

F and GnTI-R primer pairs. The right side of the figure confirmed that the mating-type 

was retained on the α haploid. (c) The left side of the figure confirmed that the MdsI 

gene was inserted into the URA3 gene; it was checked by PCR using the URA3-F and 

MdsI-R2 primer pairs. The right side of the figure confirmed that the GnTI gene was 

retained on the transformants by PCR using the S1274F and GnTI-R primer pairs. (d) 

Validation of the Cas9 gene in the cell by PCR using the primer pair: S1274F and Cas9-

M2R (left side of the figure). The white font indicates that GnTII was inserted into the 

KU70 gene (right side of the figure). (e) Validation of the retention of G418 in the 

transformants by PCR using the primer pair: SAD-F1 and G418-R (left side of the figure). 

Because the PCK protocol was used to knock out the hygromycin gene in all strains, no 

band of hygromycin was found in the chromosome by PCR using the primer pair: SAD-



F1 and Hyg-R. (f) The zeocin gene is adjacent to the Cas9 gene and it was identified in 

those transformants carrying the Cas9 gene. 

 

 

 

 




