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MERFISH read out different mRNAs as binary 
barcodes of length N -> reading out these binary 
barcodes through N rounds of sequential smFISH

- Imaging based

Q: Do we need to know the sequence of the RNAs
we’re targeting

-> design probes with target regions that are 
complementary to our RNAs of interest -> YES

-> MERFISH is targeted and limited to genes where
we know what the sequence is



Q: How long does the target sequence need to be?
-> what do you think would happen if the target
sequence was 1 nt long?
- bind everywhere; too short, non-specific binding
- Annealing and clearing chemistry
-> what do you think would happen if the target
sequence was like 1000 nt long?
- Secondary structure interactions
- Annealing temperature -> time

Q: How many flourescnece probes do we need?
- 10 to 50
-> What does this mean for targeting short mRNAs?
Length 5 binary barcode, 10 probes per bit, each non-
overlapping probe is 30 nt long -> what is the shortest 
RNA we can target?
- 10*5 probes, 50*30 -> 1500
-> microRNAs are small non-coding RNAs average length 
of 20 nt
-> can MERFISH be used to profile microRNAs?



We can tile probes along an RNA in a non-
overlapping manner

-> could also do overlapping

- There are many ways to amplify a fluorescent 
signal



Visium (Spatial Transcriptomics) -> sequencing based approach

- Figure out RNA identity and also which spatial spot it came from

-> How many cells can fit into each of these spots?

- How large is a cell? 10um in diameter -> up to 5 cells per spot

- These measurements are not necessarily single-cell resolution



- How many mRNA molecules are there in a cell? -> 100k transcripts (1k unique transcripts)

- 100k transcripts per cell, 5 cells per spot -> 500k capture oligos

Q: how many probes are in these spots?

-> millions of probes per spot (more probes than RNA molecules)

-> Do you think we’re capturing everything? (MERFISH and Visium) -> “detection efficiency”

- Visium: 10% (capture of polyA, RT, sampling for sequencing) -> see this as you play with the data

- MERFISH: 90% (smFISH) 

Q: if a cell is expressing 1 copy of a 
transcription factor, will the 
technology allow us to measure it?










