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This month’s Genome Watch highlights 
approaches that enable high- resolution 
mapping of transcription start sites in 
apicomplexan parasites.

For organisms that differ greatly from model 
systems, accurate transcription start site (TSS) 
maps are an essential resource that provide 
insights into transcription initiation and regu
lation. Specialized methods are required 
to create TSS maps because standard RNA 
sequencing often fails to capture intact 5ʹ ends 
owing to bias in poly A selection and read 
fragmentation. Advances in cap enriching 
protocols such as CAGE and RAMPAGE have 
enabled precise TSS mapping at a single base 
resolution.

Scientists have recently applied these meth
ods to apicomplexans and generated state 
oftheart TSS maps for Toxoplasma gondii and 
Plasmodium falciparum, the causative agents 
for toxoplasmosis and malaria, respectively1,2. 
Although certain features in these parasites 
such as genes and, to a lesser extent, promot
ers, transcription factors and chromatin marks 
have been characterized, the understanding 
of regulation at the level of the transcriptome 
remains largely incomplete. These TSS maps 
are an indispensable resource for the research 

and long leader sequences, unique features 
previously described in P. falciparum4, were 
recapitulated by Chappell et al.2 and extended 
to T. gondii. Additional elements of tran
scriptional regulation were also identified, 
including novel splice sites in P. falciparum 
and the binding motif for the BFD1 tran
scription factor, a master regulator associated 
with bradyzoite differentiation in T. gondii. 
Illustrating the utility of high resolution TSS 
maps, Markus et al.1 also identified another 
highly prevalent motif present in 44% of  
transcripts that may represent a binding site 
for an unknown transcription factor.

Thanks to improved TSS mapping, a new 
understanding of transcriptional regulation 
in apicomplexans has been uncovered by 
studying two members of the phylum, Toxo
plasma and Plasmodium. For organisms that 
have poorly defined transcriptional regu
lation, cap enriching RNA seq methods like 
RAMPAGE or bespoke protocols like 5ʹ UTR 
seq will be essential tools for identifying and 
characterizing TSSs and more generally, for 
studying the transcriptome. These TSS maps 
will also enable more accurate genome manipu
lation using CRISPR and related experimental 
techniques for perturbing gene expression.
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community and will aid in the identification 
of regulatory elements that mediate gene 
expression. Both studies harnessed methods 
that enrich for intact 5ʹ ends prior to Illumina 
RNA sequencing. For T. gondii, Markus et al.1 
utilized the RAMPAGE protocol that enriches 
for capped reads by: using random primers 
and a cap dependent template switching 
oligo to prime reverse transcription; and 
biotinylation based pulldown of the 5ʹ cap3. 
For P. falciparum, Chappell et  al.2 used a 
bespoke method called ‘5ʹ UTR seq’, which 
like RAMPAGE uses a template switching 
oligo to enrich for capped reads. However, 
owing to the extremely AT rich nature of the  
P. falciparum non coding genome, an 
oligo d(T) primer was used in lieu of random 
priming, and an amplification free RNA seq 
protocol was used to reduce AT bias.

In addition to mapping predominant TSS  
usage across the genome, these studies also 
examined TSS conservation across differ
ent strains, as well as how usage changes  
across different stages of the parasite lifecycle. 
Markus et al.1 used two T. gondii strains (ME49 
and RH) and both chronic and acute stages  
of the parasite to generate a TSS map, whereas 
Chappell et al.2 used three P. falciparum strains 
(3D7, HB3 and IT) and parasites from six 
timepoints over the 48 hr intraerythrocytic 
developmental cycle. TSSs were identified 
for 91% of T. gondii genes and 67% of P. fal
ciparum genes expressed at >5 RPKM (reads  
per kilobase per million mapped reads). 
Notably, the T. gondii TSSs were mapped at 
a high resolution with 67–75% of TSSs being 
reproducible at the exact nucleotide position. 
The researchers also used the maps to ana
lyse alternative TSS usage, which was widely 
observed in P. falciparum with 2,157 genes 
containing a distinct secondary TSS and to a 
lesser extent in T. gondii with 682 genes show
ing potentially stage specific alternative TSS 
usage. Pervasive bidirectional transcription 
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