
Applied Microbiology and Biotechnology 
 

 
Insights into the prevalence and underlying causes of clonal variation through transcriptomic 

analysis in Pichia pastoris 

Rochelle Aw1,2, Geraint R Barton3 and David J. Leak 1,4* 

1Department of Life Sciences, Imperial College London, London, SW7 2AZ 

2Centre for Synthetic Biology and Innovation, Imperial College London, London, SW7 2AZ 

3Centre for Integrative Systems Biology and Bioinformatics, Imperial College London, London, SW7 

2AZ 

4 Current address: Department of Biology & Biochemistry, University of Bath, Bath BA2 

7AY, UK 

*Corresponding author  

Email: d.j.leak@bath.ac.uk  

Tel: +44 (0) 1225 384309 

 

  

mailto:d.j.leak@bath.ac.uk


Supplementary Materials  

 

Supplementary Fig. S1 Sequence alignment of the HSA integration site for clones used in microarray 

analysis. Sequence alignment of the region around the PmeI directed integration site of clones CV2, 

CV5, CV7, CV8, CV14, CV15, CV16, CV18 and CV23. PmeI recognises and cuts at the sequence 

GTTTAAAC, located at 467 and highlighted in yellow 

  



 

 

Supplementary Fig. S2 Growth curves of clonal variation strains. Growth curves were monitored by 

sampling the cultures every hour and the OD600 was recorded. Growth in both glycerol and methanol 

medium was recorded. A) Growth curves in BMGY medium for 25 hours. B) Growth curves in BMMY 

medium for 8 hours.  



Supplementary Fig. S3 FACS analysis of clonal variants grown for 24 hours in glycerol containing 



medium. FL1-H: SYTO9® a green fluorescent nucleic acid stain indicating live cells, FL2-A: propidium 

iodide a red fluorescent stain indicating dead cells with a damaged membrane. BG: Background 

noise. Quadrant displays proportion of live/dead cells and background noise. 

 

 

 Supplementary Fig. S4 Volcano plots of fold changes vs. adjusted p values. A) CV2(H); B) CV18(H); C) 

CV23(H); D) CV8(M); E) CV15(M); F) CV16(M); G) CV5(L); H) CV7(L); I) CV14(L). Red lines are added 

for reference to show the boundary of a hypothetical 2 fold change cut-off. No cut-off was used in 

the analysis presented here, which relied purely on having a false discovery probability of <0.05 

(Smyth 2005). 

 

 



 

Supplementary Fig. S5 Expression levels of genes encoding proteins involved in oxidative 

phosphorylation. Heat maps of log 2 normalised expression levels of genes encoding proteins 

involved in oxidative phosphorylation, defined by KEGG families, compared to those of wild-type 

after 24 hour induction with methanol. The associated trees cluster genes with similar expression 

profiles across all conditions 

  



 

Supplementary Fig. S6 Genes up- or downregulated in the ubiquitin mediated proteolysis pathway 

in CV7(L) compared to wild-type. Microarray data was mapped using KEGG Mapper Search & Colour 

pathway. Blue genes indicate downregulation compared to wild-type and red genes indicate 

upregulation. Green boxes indicate organism-specific pathways. The figure was generated using the 

KEGG Search&Color Pathway programme (Kanehisa and Goto 2000; Kanehisa et al. 2012). 

  



Supplementary Table S1. Upregulated pathways determined by KOBAS pathway analysis 

 

  



Supplementary Table S2 Downregulated pathways determined by KOBAS pathway analysis 

 


