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Supplementary Table 2.  Top selected transcriptional resistance markers derived from this study. 

Candidates are derived from TPAS at baseline level ((bl)0hr) and from in vivo treatment ((tr)6hr) sample sets. 

Markers are grouped according to their literature-based functional assignments and cross-referenced to 

other independent transcriptomics studies. Putative direct artemisinin targets are indicated (*/#). For better 

visualization of co-expressed transcripts relative expression levels across 3D7 IDC in vitro are shown in 

the last column (red – upregulation, turquoise – downregulation). *Artemisinin targets by Wang, J. et al. 

(2015). #Artemisinin targets by Ismail, HM et al. (2016). 1) 1h DHA-treated vs. non-treated K1 at ring 

stage, Shaw, JP. et al. (2015) 2) 3h Artesunate-treated vs. non-treated FCR3, Natalang, O. et al. (2008) 3) 

Differentially expressed genes from TWAS analysis of clinical samples during TRAC1 study, Mok, S. et 

al. (2015) 4) Differentially expressed genes between K13 mutant and wild type strains Mok, S. et al. (2021) 

5) Differentially expressed genes in in vitro Art-resistance selected 3D7 strains, Rocamora, J. et al. (2018). 

^RNA-Seq IDC relative expression values from Kucharski, M. et al. (2020). R - resistant, S - sensitive, ↑ - 

upregulation, ↓ - downregulation, rg - rings, trp - trophozoites, sch - schizonts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figures 

 



Supplementary Figure 1: Transcriptional profiles of the studied P.falciparum parasites. Expression was 

normalized across samples by mean centering for each data set. Hierarchical clustering method was applied 

to the similarity matrix of samples/genes based on Pearson correlation coefficient. Only genes presented in 

>75% samples of a data set were used for the clustering analysis. a. Heat map of 577 (bl)0hr transcriptomes 

with 4779 representative genes obtained by microarrays. b. Heat map of 459 (tr)6hr transcriptomes with 

4714 representative genes obtained by microarrays. c. Heat map of 188 (bl)0hr transcriptomes with 4305 

representative genes obtained by RNA-seq. d. Heat map of 159 (tr)6hr transcriptomes with 3923 

representative genes obtained by RNA-seq. 

 

  



 

Supplementary Figure 2: Distribution of the estimated age/hpi, gametocytes fraction and PC½ across the 

sampling sites listed by country. The data was shown for all the samples before transcriptome filtering. 

White boxes represent (bl)0hr samples and grey boxes represent (tr)6hr samples. Each box indicates the 

interquartile of the data with a median line drawn inside. The whiskers of each box indicate the 1.5 times 

the interquartile range from the box or the data extremes. The circles indicate outliers beyond that. 

  



 

 



Supplementary Figure 3: PCA of the parasite transcriptome. a. Bar plot represents the percent of variance 

explained by each PC.  For the top 12 PCs, each explained >1% of the total transcriptome variance. The 

relation to clinical or technical factors were tested for each of the 12 PCs. The grid mixing PCs and factors 

represents the significant association in magenta for the PC-factor pairs passing the threshold of p<0.001 

with ANOVA test and in red for the PC-factor pairs passing the threshold p<0.001 and Spearman’s rho>0.5. 

The scatter plot represents the tSNE derived two-dimensional visualization of 577 (bl)0hr samples by 

lineages and geographical regions. b. PC2 and estimated age/hpi were plotted against PC1 individually for 

each data set ((bl)0hr or (tr)6hr) by each technology (microarray or RNA-seq). 

  



 

 

Supplementary Figure 4: Expression level correlates to age/hpi for most of the P. falciparum genes. P-

values were obtained by testing the null hypothesis of no expression change over hpi for each gene using 

the package gam of R. The curves plotted for Microarray data (orange) and RNA-seq data(blue) to show 

the gene fractions at each p-value cutoff for defining hpi-associated gene expression.  

  



 



Supplementary Figure 5: The expression residuals were plotted against the PC½ values with parasite 

lineage of KEL1PLA1 indicated by purple circles, KEL1 only by yellow, WT by turquoise and others by 

black for selected genes: TSR2 (PF3D7_0106400), PMII(PF3D7_1408000), PF3D7_0205500 and 

EVP1(PF3D7_0410000), HAD3(PF3D7_1226100) and PF3D7_1467000 which showed different levels of 

FDR and FPR. The density plot on the right represents the null p-values distribution for FPR calculation 

based on 100 times permutation of each corresponding gene’s resistance status/PC½ values within lineages. 

 

  



 

 

Supplementary Figure 6: The average expression change determined by RNA-seq was plotted against 

that by microarray to show the consistent results of expression-resistance analysis regardless of the methods 

applied. The average expression change was calculated as the difference between the average 

transcriptional level (Log2 Ratio) of a gene in the resistant parasites (PC½>5hr) and that in the susceptible 

parasites (PC½<5hr). Therefore, the average expression change represented here are Log2 fold change of 

transcriptional level (Log2 fdch). The grey line represents the linear regression with the result indicated in 

formula on the side. 

  



 

Supplementary Figure 7: Average expression fold change of each gene was compared between pairwise 

analysis and non-pairwise analysis for susceptible parasites and resistant parasites separately. The linear 

regression was performed for each data set and shown as the dotted line with formula and R2 on the side. 

The average expression fold change was calculated based on 129 sample pairs for susceptible group and 

178 sample pairs for resistant group. Here paired samples are samples collected from the same patient.   



 

Supplementary Figure 8: Defined intensity threshold for microarray-generated transcriptome filtering 

using the (tr)6hr data set. The histogram on the left represents the overall distribution of red intensity mode 

values for all the 659 studied arrays. The mode value is the most frequently appearing value in a data set. 

Here, we estimated it using the intensity value appearing at the biggest peak of corresponding density plot. 

Arbitrary cutoffs were set at the mode value of 10 and 11 to bin the samples/arrays into 3 groups. The 

density plot of red intensity (Cy5) and green (Cy3) intensity is drawn for each group on the right. The 

threshold was set at the mode value of 10 to select samples displaying sufficient signals for the subsequent 

analysis.  


