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some embodiments, a combinatorial indexing approach may be used.  For example, initial 

indexes are attached to the genomic DNA or cDNA through standard library preparation 

techniques using fragmentation (enzymatic) and adapter ligation, or through tagmentation 

using transposase complexes.  Subsequent indexes are attached to the library via ligation 

or PCR.  Ligation is preferred since it is easy to add indexed adapters in a sequential 

fashion.  The final step may involve just indexed PCR or ligation and PCR.   

[0095] Differential indexing of cellular biomolecules:  Cellular and sub-cellular 

compartments containing biomolecules such as DNA, RNA, mitochondrial DNA, 

proteins etc., can be specifically and orthogonally indexed for genomic assays by 

preserving cellular contiguity.  This can be achieved by differential targeting of 

membrane proteins of sub-cellular compartments (cell membrane, nuclear membrane, and 

mitochondrial membrane) to allow for selective transport of ions or other proteins into 

certain compartments but not into others.  For example, nuclear membrane proteins can 

be blocked with blocker molecules such as Wheat germ agglutinin, leptomycin B, and 

antibodies specific to NPC, while Cyclosporin A, Oligomycin, and other compounds 

block mitochondrial membrane proteins.  This approach allows for indexing genetic 

material (not limited to transposition, spliced-ligation, etc.,) within sub-cellular 

compartments of the cell, giving better, refined sequencing reads targeted specifically 

within a cell.   

[0096] In some aspects, described herein are methods of differentially indexing 

informational molecules from different compartments of a cell.  In some aspects, such 

methods comprise: 

selectively delivering a first analytical biomolecule comprising a first tag to a first cellular 

compartment selected from the group consisting of the cell nucleus, the cytoplasm, 

and the mitochondria, wherein the first cellular compartment comprises a first 

informational biomolecule;  

reacting the first analytical biomolecule with the first informational molecule to provide a 

tagged first informational molecule;  

selectively delivering a second analytical biomolecule comprising a second tag to a 

second cellular compartment selected from the group consisting of the cell nucleus, 

the cytoplasm, and the mitochondria, wherein the second cellular compartment 

comprises a second informational molecule and is different from the first cellular 

compartment; and  
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CLAIMS 

1. A method of reacting a cell nuclear target nucleic acid with a transposome complex,

wherein the transposome complex comprises a transposase and two transposon end

compositions comprising transposon end sequences, comprising contacting a cell nucleus

comprising the nuclear target nucleic acid with a nuclear permeability enhancer and

reacting the transposome complex with the target nucleic acid, wherein the reacting

comprises fragmenting the target nucleic acid into double-stranded nucleic acid fragments

and tagging with transferred strands from the transposon end compositions to form tagged

double-stranded nucleic acid fragments, and further wherein the nuclear permeability

enhancer increases the permeability of the nuclear envelope without disrupting the

nuclear membrane, and wherein the nuclear permeability enhancer is a clathrin inhibitor

and wherein the cell nuclear target nucleic acid is DNA.

2. A method of analyzing a cell nuclear target nucleic acid comprising:

(a) contacting a cell nucleus comprising a cell nuclear target nucleic acid with a nuclear

permeability enhancer and a transposome complex, wherein the transposome complex

comprises a transposase and two transposon end compositions comprising transposon end

sequences;

(b) reacting the transposome complex with the target nucleic acid to provide an analysis

complex, wherein the reacting comprises fragmenting the target nucleic acid into double-

stranded nucleic acid fragments and tagging with transferred strands from the transposon

end compositions to form tagged double-stranded nucleic acid fragments; and

(c) analyzing the analysis complex, thereby detecting the tagged double-stranded nucleic

acid fragments,

and further wherein the nuclear permeability enhancer increases the permeability of the

nuclear envelope without disrupting the nuclear membrane and wherein the nuclear

permeability enhancer is a clathrin inhibitor and wherein the cell nuclear target nucleic

acid is DNA.

3. A method of preparing a library of tagged nucleic acid fragments from a cell nuclear

target nucleic acid, comprising:

(a) providing a contiguity preserving element comprising a single cell nucleus, wherein

the single cell nucleus comprises the cell nuclear target nucleic acid;
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(b) contacting the contiguity preserving element and single cell nucleus with a nuclear

permeability enhancer and a transposome complex comprising a transposase and two

transposon end compositions comprising transposon end sequences;

(c) reacting the transposome complex with the cell nuclear target nucleic acid to provide

an analysis complex, wherein the reacting comprises fragmenting the target nucleic acid

into double-stranded nucleic acid fragments and tagging with transferred strands from the

transposon end compositions to form tagged double-stranded nucleic acid fragments; and

(d) analyzing the analysis complex, thereby detecting the tagged double-stranded nucleic

acid fragments,

wherein the nuclear permeability enhancer increases the permeability of the nuclear

envelope without disrupting the nuclear membrane and wherein the nuclear permeability

enhancer is a clathrin inhibitor and wherein the cell nuclear target nucleic acid is DNA.

4. A method of reacting a cell nuclear target nucleic acid with a transposome complex,

wherein the transposome complex comprises a transposase and two transposon end

compositions comprising transposon end sequences, comprising contacting a cell nucleus

comprising the nuclear target nucleic acid with a nuclear permeability enhancer, wherein

the nuclear permeability enhancer is a clathrin inhibitor and wherein the cell nuclear

target nucleic acid is DNA, and reacting the transposome complex with the target nucleic

acid, wherein the reacting comprises fragmenting the target nucleic acid into double-

stranded nucleic acid fragments and tagging with transferred strands from the transposon

end compositions to form tagged double-stranded nucleic acid fragments, and further

wherein the nuclear permeability enhancer increases the permeability of the nuclear

envelope without disrupting the nuclear membrane, and wherein prior to the contacting,

the method comprises reacting a cytoplasmic target nucleic acid with a second

transposome complex comprising a transposase and two transposon end compositions

comprising transposon end sequences in the presence of a nuclear pore blocker and in the

absence of the nuclear permeability enhancer, wherein the reacting introduces a first tag

to the cytoplasmic target nucleic acid and a second tag to the cell nuclear target nucleic

acid.

5. A method of analyzing a cell nuclear target nucleic acid comprising:

(a) contacting a cell nucleus comprising a cell nuclear target nucleic acid with a nuclear

permeability enhancer and a transposome complex, wherein the transposome complex
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comprises a transposase and two transposon end compositions comprising transposon end 

sequences; 

(b) reacting the transposome complex with the target nucleic acid to provide an analysis

complex, wherein the reacting comprises fragmenting the target nucleic acid into double-

stranded nucleic acid fragments and tagging with transferred strands from the transposon

end compositions to form tagged double-stranded nucleic acid fragments; and

(c) analyzing the analysis complex, thereby detecting the tagged double-stranded nucleic

acid fragments,

and further wherein the nuclear permeability enhancer increases the permeability of the

nuclear envelope without disrupting the nuclear membrane, wherein the nuclear

permeability enhancer is a clathrin inhibitor and wherein the cell nuclear target nucleic

acid is DNA, and wherein prior to the contacting, the method comprises reacting a

cytoplasmic target nucleic acid with a second transposome complex comprising a

transposase and two transposon end compositions comprising transposon end sequences

in the presence of a nuclear pore blocker and in the absence of a nuclear permeability

enhancer, wherein the reacting introduces a first tag to the cytoplasmic target nucleic acid

and a second tag to the cell nuclear target nucleic acid.

6. The method of claim 3, wherein the contiguity preserving element comprises the

nuclear membrane, optionally wherein the method further comprises embedding the

nucleic acid from a single cell in a polymer matrix, optionally wherein the polymer

matrix is agarose, polyacrylamide, or alginate.

7. The method of any one of the preceding claims, further comprising analyzing a

cytoplasmic target nucleic acid, wherein the cytoplasmic target nucleic acid is DNA, by

contacting the cell with a second transposome complex comprising a transposase and two

transposon end compositions comprising transposon end sequences, reacting the second

transposome complex with the cytoplasmic target nucleic acid to provide a second

analysis complex, wherein the reacting comprises fragmenting the target nucleic acid into

double-stranded nucleic acid fragments and tagging with transferred strands from the

transposon end compositions to form tagged double-stranded nucleic acid fragments, and,

optionally, analyzing the second analysis complex, thereby detecting the tagged

cytoplasmic double-stranded nucleic acid fragments.
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8. The method of any one of the preceding claims, further comprising treating the tagged

double-stranded nucleic acid fragments with a polymerase, wherein the polymerase is

optionally a strand-displacing polymerase.

9. The method of any one of claims 2-3 or 6-8, wherein analyzing comprises sequencing

of the double-stranded nucleic acid fragments, or amplicons thereof, or copies thereof.

10. A composition comprising one or more cells and/or one or more cell nuclei, a nuclear

permeability enhancer, and a transposome complex,

a) wherein the nuclear permeability enhancer increases the permeability of the nuclear

envelope without disrupting the nuclear membrane and wherein the nuclear permeability

enhancer is a clathrin inhibitor, and

b) wherein the transposome complex comprises a transposase and two transposon end

compositions comprising transposon end sequences.

11. A method of differentially tagging target nucleic acids in cells comprising:

selectively delivering a first transposome complex, wherein the transposome complex

comprises a transposase and two transposon end compositions comprising transposon 

end sequences, comprising a first tag to a first cellular compartment selected from the 

cytoplasm or the mitochondria, wherein the first cellular compartment comprises a 

first target nucleic acid wherein the first target nucleic acid is DNA;  

reacting the first transposome complex with the first target nucleic acid, wherein the 

reacting comprises fragmenting the first target nucleic acid into double-stranded 

nucleic acid fragments and tagging with transferred strands from the transposon end 

compositions to form first tagged double-stranded nucleic acid fragments;  

selectively delivering a second transposome complex, wherein the transposome complex 

comprises a transposase and two transposon end compositions comprising transposon 

end sequences, comprising a second tag to the cell nucleus, wherein the cell nucleus 

comprises a second target nucleic acid wherein the second target nucleic acid is DNA 

and wherein selectively delivering a second transposome complex comprises treating 

the cell with a nuclear permeability enhancer; and  

reacting the second transposome complex with the second target nucleic acid, wherein the 

reacting comprises fragmenting the second target nucleic acid into double-stranded 

nucleic acid fragments and tagging with transferred strands from the transposon end 
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compositions to form second tagged double-stranded nucleic acid fragments wherein 

the first and second tags are different, wherein the nuclear permeability enhancer 

increases the permeability of the nuclear envelope without disrupting the nuclear 

membrane and wherein the nuclear permeability enhancer is a clathrin inhibitor; and 

optionally detecting double-stranded nucleic acid fragments or their amplicons, wherein 

the detecting optionally comprises detecting the sequences of the double-stranded 

nucleic acid fragments or amplicons. 

12. The method of claim 11, wherein the selective delivering of the first transposome

complex to the first cellular compartment comprises treating the cell with a nuclear pore

blocker.

13. The method of any one of claims 11-12, wherein the selective delivering of the first

transposome complex occurs without substantial delivery of the first transposome

complex to the cell nucleus.

14. The method of any one of claims 11-13, wherein the first cellular compartment is the

cytoplasm and the first target nucleic acid is a cytoplasmic DNA, and the second cellular

compartment is the cell nucleus and the second target nucleic acid is nuclear DNA.

15. The method of claim 14, wherein the selective delivering of the first transposome

complex to the cytoplasm is done in the presence of a nuclear pore blocker.

16. The method of any one of claims 14-15, wherein the cell nucleus target nucleic acid

is genomic DNA (gDNA).

17. The method of any one of claims 11-13, wherein:

selectively delivering the first transposome complex comprises reacting the first

transposome complex with a mitochondrial target nucleic acid to produce a tagged 

mitochondrial double-stranded nucleic acid fragment; and  

selectively delivering the second transposome complex comprises reacting the second 

transposome complex with a nuclear target nucleic acid to produce a tagged nuclear 

double-stranded nucleic acid fragment.   
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18. The method of claim 17, wherein the cell nucleus target nucleic acid is gDNA.

19. The method of any one of claims 11-18, further comprising lysing the cells to release

the tagged double-stranded nucleic acid fragments.

20. The method of any one of claims 1-19, wherein the clathrin inhibitor is N-[5-(4-

bromobenzylidene)-4-oxo-4,5-dihydro-1,3-thiazol-2-yl]naphthalene-1-sulfonamide.


