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ANNEX. ADDITIONAL RESULTS 

ANNEX. Additional Results 

During the consecution of this thesis, I contributed to additional work, such as the supervision of a 

master student for 4 months in 2015: Evi van Schuppen, from Radboud University, Nijmegen. She 

conducted the master project Plasmodium falciparum gene expression in a controlled human 

malaria infection. Besides, the parasite line created during my first paper served as a tool for 

characterizing the molecular mechanisms that control the expression of clag3 genes and that govern 

mutually exclusive expression, which lead to the achievement of another paper: Rovira-Graells et 

al., 2015. Deciphering the principles that govern mutually exclusive expression of Plasmodium 

falciparum clag3 genes. Nucleic acids research 43: 8243-8257. 

During this work the molecular mechanisms of simultaneous silencing of both clag3 genes were 

investigated in detail, demonstrating that clag3 epigenetic silencing relies on H3K9me3-based 

heterochromatin even when the two clag3 genes are simultaneously silenced. This result suggests 

that mutually exclusive expression depends on molecular interactions that favour heterochromatin 

formation in all but one of the clag3 promoters. Besides, an additional expression pattern that does 

not comply with mutual exclusion was detected:  expression of more than one clag3 promoter at 

the same time. Additionally, it was observed that expression of a ncRNA (PF3D7  0302400), located 

between the two clag3 genes, correlates with expression of clag3.1, suggesting that this ncRNA 

might play a role in regulating clag3 mutually exclusive expression. However, this hypothesis needs 

to be confirmed.  
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Supplementary Information 

 

Deciphering the principles that govern mutually exclusive 

expression of Plasmodium falciparum clag3 genes 

 

 

Núria Rovira-Graells, Valerie M. Crowley, Cristina Bancells, Sofía Mira-Martínez, Lluís Ribas 

de Pouplana and Alfred Cortés 
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chromosomal integration of the plasmid 3.2-LH-bsdR at the clag3.2 locus. The positions of ClaI 

restriction sites (C) used for Southern blot analysis are indicated. The red line indicates the 

position of the probe used for this analysis. The probe was amplified with primers 5’-3.2f and 

3.2r0.5 (Supplementary Table S1) and recognizes 72 bp upstream of the clag3.2 ATG and the 

first 177 bp of the coding region. E. Southern blot analysis of the transgenic lines. 3D7-A is a 

wild type (non-transfected) control. “WT” indicates the position of the expected band in wild 

type parasites, in the absence of plasmid integration at the clag3 locus (6,716 bp). “Int. 1” and 

“Int. 2” indicate the bands expected if the plasmid is integrated in the genome via single 

homologous recombination at the clag3.2 promoter (11,447 and 4,823 bp, respectively, but the 

smaller band is only weakly recognized by the probe because it contains only 72 bp of the probe 

sequence). “Epis./mult.” indicates the band expected for episomal plasmid or integration of 

multiple copies of the plasmid (9,554 bp).  

Although these cultures were not cycled on/off drug to select for parasites that had integrated the 

plasmid, integration at the clag3.2 locus occurred in subclones 1A4, 2B6 and 2H4. On the other 

hand, the clag3.2 locus is intact in subclones 2C10 and 2F12, in which the plasmid is maintained 

as an episome. Importantly, the plasmid is episomal in the parental transgenic line, indicating 

that integration occurred mainly during preparation for subclonning. Analysis of the same 

parasite lines using a probe specific for the luc gene led to similar conclusions (not shown) and 

excluded plasmid integration at alternative chromosomal locations. The two subclones that do 

not have the plasmid integrated showed the lowest levels of luc expression, revealing a possible 

association between the genetic status of the plasmid (episomal or integrated) and its 

transcriptional activity.  

In summary, both luciferase assays and transcriptional analysis showed differences in luc 

expression among the subclones, in spite of similar plasmid copy number. However, Southern 

blot analysis revealed that the plasmid had spontaneously integrated in the genome of subclones 

that showed higher luc expression. Altogether, from these experiments we could not determine 

whether or not the episomal clag3.2 promoter driving expression of a reporter gene undergoes 

clonally variant expression controlled at the epigenetic level. 
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Supplementary Table S1. Primers used in this study. 

Primer Name  Sequence 5’ – 3’ 

Primers used to generate plasmid pHBc3.2   

Prom3.2fPst TGGTGTTCTGCAGTAGAATATATTTATTTATAGTCAAAATTTGC 

Prom3.2rBam GTGGAGGATCCTTTTTACTAATACTTTATTCACGTGTAC 

Primers used to generate probes for Southern blot analysis 

5'-3.2f (Cortés et al., 2007) AATAGTTGAGTACGCACTAATATGTC 

Cl3r1  (Cortés et al., 2007) TTTTCTAAAGAATGTCCCATG 

3.2r0.5 (Crowley et al., 2011) TTCAATATTGTCATACTCATTTAGAAG 

Primers used for transcriptional analysis   

lucF# AACTGCCTGCGTCAGATTCTC 

lucR# CGGAATGATTTGATTGCCAAA 

clag3.1 clag3.2-6F  (Crowley et al., 2011) TAGTAATGAGAATTAGTTGGACA 

clag3.1-6R  (Crowley et al., 2011) ATAAATATTTGGATGCTTCAGCA 

clag3.2-6R  (Crowley et al., 2011) ACAAATATGTTTCTGAACTAGGA 

ama1P2F* (Crowley et al., 2011) CGCCTTTGAGTTTACATATATGA 

ama1P2R* (Crowley et al., 2011) TGGATATTCGTATTCTTTTGGAT 

hdhfrF#  AGTAGAAGGTAAACAGAATCTG 

hdhfrR# GGCATCATCTAGACTTCTGG 

bsdF# * TCTCTGAAGACTACAGCGTC 

bsdR# * ACGATACAAGTCAGGTTGCC 

hsp90_+467_F1 TCACAGTTACTAAGGATGAAAC 

hsp90_+610_R1 GGAAAGAGATAAATTCAGAGTG 

3TR002_AF GACACCTAAAATGTTTTGTGATT 

3TR002_AR TTTCTTTTGGTGTTCTAATGAAG 

3TR002_BF ATTATCACCTGATATATATACCCA 

3TR002_BR TCATGTTTCTTTTTAATCATCTTC 

rhopH2P2F#  (Crowley et al., 2011) TGTTGCTGTCCATATTTAGTTTT 

rhopH2P2R#  (Crowley et al., 2011) AATATATCGCTACATAACTTCGT 

PF07_0073F(serrs)# (Salanti et al., 2003)  AAGTAGCAGGTCATCGTGGTT 

PF07_0073R(serrs)# (Salanti et al., 2003) TTCGGCACATTCTTCCATAA 

Primers used for ChIP-qPCR    

PFL1950wF§ (Jiang et al., 2010) CTATGTTGTATTATTCGATATTTTC 

PFL1950wR§ (Jiang et al., 2010) AGAATAGGAAAATACAAATTATAGC 

clag3.1-3F  (Crowley et al., 2011) CATAAACATAAGAGGGTGATTTA 

clag3.1-3R  (Crowley et al., 2011) CCACATTTTGTTTTAAAGTGTAC 

clag3.2-3F  (Crowley et al., 2011) ATCGGTATTGTACAAAAATGTGA 

clag3.2-3R  (Crowley et al., 2011) GTATTCAAAAAGGAGTACACAAT 

clag3.1-5F  (Crowley et al., 2011) TCAAAATGAAAATGATACCATTAGT 

clag3.2-5F  (Crowley et al., 2011) TAGGCGAAAATAAAAACGAAAATG 

clag3.1 clag3.2-5R  (Crowley et al., 2011) CATGGATTTTAATTGTTCAATATTG 

hsp90 5’-bsd_F TTCCCACATTTCGAATAAACTC 

hsp90 5’-bsd_R GAGATGGGGATGCTGTTGAT 

  

Restriction sites are indicated in bold and are underlined. 

# Primers that were used to determine plasmid copy number. 
* Primers used for transcriptional analysis that were also used for ChIP-qPCR. 

All the primers for transcriptional analysis or ChIP-qPCR were used at 200nM except those marked with § that were used 

at 500nM. 

  
 



 

 


