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In vivo profiles in malaria are
consistent with a novel
physiological state

Lemieux et al. (1) describe a reanalysis of our in vivo Plasmo-
dium falciparum patient samples (2), supporting many of our
conclusions (exclusive presence of rings, lack of distinct asex-
ual phases in the clusters, a relation between Cluster 1 and
gametogenesis). However, Lemieux et al. (1) fit the observed
in vivo profiles as a mixture of gametocyte and asexual form
mRNA (Fig. 2E in ref. 1), concluding that the discrete clus-
ters are consistent with varying proportions of sexually com-
mitted but phenotypically indistinguishable parasites, reflected
by the parameter �.

This interpretation is problematic on both computational
and biological grounds. From a computational perspective, all
Cluster 1 samples in their model have very similar, unique,
and high � values (�0.6). This implies that these patients had
a very similar fraction of gametocytes, a highly unlikely situa-
tion. Furthermore, comparable � values are obtained in vitro
only at a high fraction of phenotypically observable gameto-
cytes (Figs. 2E and S8 in ref. 1). None of the patient samples
in the study had a high fraction of gametocytes and in most
patients, gametocytes were not detected by microscopy at all.
Even a high gametocyte contamination rate in an in vivo
sample could not explain the observed �20-fold decrease in
the expression of glycolysis-related genes without any substan-
tial expression differences in many other sexual development
genes that are not involved in metabolism. In particular, sev-
eral markers of early gametogenesis (Table 1 and Fig. 2 in
ref. 3) do not show any consistent induction pattern in Clus-

ter 1. In more minor points, Lemieux et al. (1) raise differ-
ences in signal intensities in 2004 samples. However, our clus-
tering is independent of these samples, and none are present
in Cluster 1 or 2. The lack of signal in ex vivo samples re-
ported by Lemieux et al. (1) is also irrelevant, because these
were cultured in typical (rich) conditions.

The main commonality between Cluster 1 and gametocyte
profiles is the shift from glycolysis to a mitochondrial metabo-
lism. However, this does not necessarily mean that Cluster 1
is contaminated with gametocytes. An alternative explanation
for the distinction between Cluster 1 and 2 is the presence of
an additional transcriptional state, which is not observed in
vitro, but bears some similarity to gametocytogenesis in rele-
vant transcription modules (Fig. S6 B and C and Supplemen-
tary Note 1 in ref. 2). This connection is highly plausible, be-
cause starvation and the production of sexual forms are
intimately connected in organisms as diverse as bacteria,
yeast, and Plasmodium.
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