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RNA in the cell, whereas nonmapping reads 
are indicative of background noise, auto-
fluorescence or debris.

Another issue is the enormous range in 
intracellular RNA abundance, which pits 
the need for a large number of reads against 
the fundamental optical limitations on the 
 number of spot-like signals that can be reliably 
detected within a cell. To solve this problem, 
the authors develop ‘partition sequenc-
ing’, a clever method in which they extend 
the sequencing primers by a fixed number 
of bases so that only some of the RNA mol-
ecules present in the cell are sequenced. This 
allows them to tune the number of sequence 
readouts to avoid saturating the imaging field 
with too many targets, facilitating robust yet 
broad sampling of the RNA in a cell.

In a step toward studying multicellular sys-
tems, the authors use FISSEQ to detect RNA 
transcription in a whole-mount Drosophila 
embryo as well as in a mouse embryo and in 
brain sections. They have not yet sequenced 
these samples but have shown that, in principle,  
FISSEQ can be extended to study more  
complicated biological systems.

FISSEQ has the potential to transform 
several areas of research. In development, 
for example, the spatial organization of tran-
scription in a multicellular organism is of 
critical importance. Many disease processes 
may also involve spatially heterogeneous 
gene expression, such as that seen in dif-
ferent areas of tumors. FISSEQ analysis of 
a tumor biopsy may be useful for guiding 
treatment programs, in which multiple drugs 
might be chosen for different components of  
the tumor.

In its current form, FISSEQ does not 
provide a complete accounting of the RNA 
within single cells. Rather, it produces a spa-
tially localized subsampling of the transcrip-
tome, and comparisons with RNA-seq and 
microarray data suggest that FISSEQ may 
miss lower-abundance transcripts. Indeed, 

Lee et al.4 detect a large number of transcripts 
by only a single read per cell. Whether this 
level of detection is sufficient depends on 
the scientific question being asked. As the 
authors note, it may be enough to distinguish 
different cell types owing to the sheer num-
ber of genes detected, in contrast to lower-
throughput methods such as RNA FISH. 
However, accurately quantifying cell-to-cell 
variability in the expression of a particular 
gene would be difficult. In light of the rapid 
recent advances in sequencing technologies 
and in the imaging and fluid-handling capa-
bilities of current commercial instruments, 
it will not be surprising if this limitation is 
addressed in the near future.

At the same time, FISSEQ should have 
some competition from new variants of 
RNA-seq and RNA FISH. Several groups 
have sequenced RNA from single cells, 
now up to thousands per study5, and many 
groups have been steadily improving single-
molecule RNA FISH by increasing multi-
plex capability6,7, measuring transcriptional  
structure in the nucleus8, achieving single-base 

resolution9,10 and shortening assay time11. 
Nevertheless, FISSEQ represents an enor-
mous step forward in the ability to measure  
gene expression in its spatial context, and we 
look forward to seeing how it will be applied 
to yield new biological discoveries.
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