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CLAIMS  

1. A bead for performing nucleic acid reactions, comprising: 

a hydrogel polymer; and 

genetic material disposed within the hydrogel, wherein the bead comprises 

pores that allow diffusion of a reagent through the bead while retaining the genetic 

material, wherein the bead has a diameter of 2 µm to 120 µm, and wherein the hydrogel 

polymer comprises PEG-thiol/PEG-acrylate, acrylamide/N,N’-bis(acryloyl)cystamine 

(BACy), or PEG/PPO. 

2. The bead of Claim 1, wherein the genetic material is a cell, a nucleic acid, or a 

microbiome, optionally; 

wherein the cell is a mammalian cell or bacterial cell optionally 

wherein; 

the cell is an Escherichia coli cell, a Bacillus subtilis cell, an Aeromonas 

hydrophila cell, or a fibroblast cell; or;  

the nucleic acid is DNA or RNA of 300 base pairs or greater, and 

wherein the reagent comprises enzymes, chemicals, and primers having a size 

of less than 50 base pairs. 

3. The bead of any one of Claims 1 or 2, wherein the reagent comprises lysozyme, 

proteinase K, random hexamers, polymerase, transposase, primers, ligase, catalyzing enzyme, 

deoxynucleotide triphosphates, buffers, or divalent cations. 

4. A method of encapsulating genetic material within a hydrogel bead, comprising: 

mixing genetic material with a hydrogel polymer in solution; 

mixing the solution with an immiscible fluid to form a hydrogel bead 

encapsulating the genetic material, wherein the hydrogel bead has a diameter of 2 µm 

to 120 µm, and comprises pores that allow diffusion of a reagent through the hydrogel 

bead while retaining the genetic material, wherein the hydrogel polymer comprises 

PEG-thiol/PEG-acrylate, acrylamide/N,N’-bis(acryloyl)cystamine (BACy), or 

PEG/PPO. 

5. The method of Claim 4, wherein the genetic material is a cell, a nucleic acid, or a 

microbiome, optionally;  
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wherein the cell is a mammalian cell or bacterial cell, and further optionally, 

wherein; 

the cell is an Escherichia coli cell, a Bacillus subtilis cell, an Aeromonas 

hydrophila cell, or a fibroblast cell, optionally; 

wherein the nucleic acid is DNA or RNA of 300 base pairs or greater. 

6. The method of any one of Claims 4 or 5, wherein 

the reagent comprises enzymes, chemicals, and primers having a size of less 

than 50 base pairs optionally 

wherein the reagent comprises lysozyme, proteinase K, random hexamers, 

polymerase, transposase, primers, ligase, catalyzing enzyme, deoxynucleotide 

triphosphates, buffers, or divalent cations. 

7. A method of encapsulating genetic material within a hydrogel bead, comprising: 

mixing an aqueous solution comprising a hydrogel polymer and genetic 

material with an immiscible fluid;  

inputting the aqueous solution into a droplet generator; and 

generating a hydrogel bead encapsulating the genetic material, wherein the 

hydrogel bead has a diameter of 2 µm to 120 µm, and comprises pores that allow 

diffusion of a reagent through the hydrogel bead while retaining the genetic material, 

wherein the hydrogel polymer comprises PEG-thiol/PEG-acrylate, acrylamide/N,N’-

bis(acryloyl)cystamine (BACy), or PEG/PPO. 

8. The method of Claim 7, wherein the genetic material is a cell, a nucleic acid, or a 

microbiome, optionally; 

a) wherein the cell is a mammalian cell or bacterial cell; optionally 

wherein the cell is an Escherichia coli cell, a Bacillus subtilis cell, an 

Aeromonas hydrophila cell, or a fibroblast cell 

b) wherein the nucleic acid is DNA or RNA of 300 base pairs or greater. 

9. The method of any one of Claims 7 or 8, wherein  

the reagent comprises enzymes, chemicals, and primers having a size of less 

than 50 base pairs optionally 
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wherein the reagent comprises lysozyme, proteinase K, random hexamers, 

polymerase, transposase, primers, ligase, catalyzing enzyme, deoxynucleotide 

triphosphates, buffers, or divalent cations. 

10. A method of preparing a nucleic acid library from genetic material encapsulated 

within a bead, comprising: 

obtaining a bead of any one of Claims 1 or 2; 

amplifying genetic material encapsulated within the bead;  

performing a tagmentation reaction on the genetic material encapsulated within 

the bead; and 

sequencing the genetic material, thereby generating a nucleic acid library 

encapsulated within the bead, optionally; 

wherein the genetic material is a cell, and further comprising lysing the cell and 

extracting nucleic acids, optionally; 

wherein the cell is lysed with lysozyme and treated with proteinase K to extract 

nucleic acids, wherein the hydrogel polymer comprises PEG-thiol/PEG-acrylate, 

acrylamide/N,N'-bis(acryloyl)cystamine (BACy), or PEG/PPO. 

11. The method of Claim 10, wherein;  

the tagmentation reaction comprises contacting genetic material with a 

transposase mixture comprising adapter sequences and transposomes, optionally 

further comprising seeding the nucleic acid library on a solid support, 

optionally;  

wherein seeding comprises degrading the bead to release the nucleic acid library 

from the bead, optionally; 

wherein the bead is degraded by contacting the bead with a cleavage mix or by 

heating the bead to 90°C to release the nucleic acid library, and further optionally; 

wherein the cleavage mix comprises dithiothreitol (DTT), tris(2-

carboxyethyl)phosphine (TCEP), or tris(3-hydroxypropyl)phosphine (THP), optionally 

wherein the solid support is a flow cell device. 


