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CLAIMS 

 

1. A method of recovering short-chain nucleic acids having a length of 1000 bases or less 

from a whole blood sample, comprising: 

 a step (a) of bringing a mixture having an alcohol concentration of 0 to 5 volume%, 

the mixture being prepared by mixing a whole blood sample with a first buffer containing 

one or more members selected from the group consisting of a chaotropic agent and a 

surfactant, into contact with a first nucleic acid adsorbent to adsorb nucleic acids derived 

from the whole blood sample onto the first nucleic acid adsorbent, and then separating and 

removing the first nucleic acid adsorbent to recover liquid components; 

 a step (b) of bringing a mixture having an alcohol concentration of 10 volume% or 

higher, the mixture being prepared by mixing the liquid components recovered in the step 

(a) with a second buffer containing an alcohol and at least one of a chaotropic agent and a 

surfactant, into contact with a second nucleic acid adsorbent to adsorb short-chain nucleic 

acids having a length of 1000 bases or less derived from the whole blood sample onto the 

second nucleic acid adsorbent, and then separating and recovering the second nucleic acid 

adsorbent from the recovered liquid components; and 

 a step (c) of eluting and recovering nucleic acids from the second nucleic acid 

adsorbent recovered in the step (b), wherein 

 the alcohol when the mixture in the step (a) contains the alchohol, is at least one of 

branched or linear alkanols having 1 to 5 carbon atoms, 

 the alcohol contained in the second buffer is at least one of branched or linear 

alkanols having 1 to 5 carbon atoms, 

 the chaotropic agent contained in the first buffer is one or more compounds 

selected from a guanidine salt, sodium iodide, and sodium perchlorate, and  

 the chaotropic agent contained in the second buffer is one or more compounds 

selected from a guanidine salt, sodium iodide, and sodium perchlorate. 

 

2. The method of recovering short-chain nucleic acids according to Claim 1, wherein a 

nucleic acid having a length of 5000 bases or more derived from the whole blood sample is 

separated and removed by adsorbing the nucleic acid having a length of 5000 bases or more 

onto a nucleic acid adsorbent in the step (a). 
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3. The method of recovering short-chain nucleic acids according to Claim 1 or 2, wherein 

the first buffer contains guanidine hydrochloride as the chaotropic agent and a surfactant, a 

concentration of guanidine hydrochloride is higher than or equal to 1 mol/L and lower than 

or equal to a maximum solubility, and a concentration of the surfactant is 1 to 10 volume%. 

 

4. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 3, 

wherein the alcohol contained in the first buffer and the alcohol contained in the second 

buffer are isopropanol or ethanol, and  

 an alcohol concentration in the mixture of the liquid components recovered in the 

step (a) and the second buffer in the step (b) is 10 to 60 volume%. 

 

5. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 3, 

wherein the alcohol contained in the first buffer and the alcohol contained in the second 

buffer are isopropanol, and an isopropanol concentration in the mixture of the liquid 

components recovered in the step (a) and the second buffer in the step (b) is 10 to 40 

volume%. 

 

6. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 5, 

wherein the second buffer contains one or more chaotropic agents selected from the group 

consisting of guanidine thiocyanate and guanidine isothiocyanate as the chaotropic agent 

and a surfactant, a concentration of the chaotropic agent is higher than or equal to 0.5 mol/L 

and lower than or equal to a maximum solubility, and a concentration of the surfactant is 3 

to 15 volume%. 

 

7. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 6, 

wherein the second buffer contains 10 to 200 mmol/L of a cation salt. 

 

8. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 7, 

wherein the step (b) is 

 a step (b’) of adding a proteolytic enzyme to the liquid components recovered in 

the step (a) to carry out an enzymatic reaction, and 
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 a step (b”) of bringing the mixture of the liquid components and the second buffer 

into contact with the second nucleic acid adsorbent to adsorb the short-chain nucleic acids 

having a length of 1000 bases or less derived from the whole blood sample onto the second 

nucleic acid adsorbent, and then separating and recovering the second nucleic acid 

adsorbent, after the step (b’). 

 

9. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 8, 

wherein the first nucleic acid adsorbent or the second nucleic acid adsorbent is one or more 

members selected from the group consisting of a silicic acid-containing material, zeolite, 

aluminum oxide, titanium dioxide, zirconium dioxide, kaolin, magnetic particles, ceramics, 

and polystyrene. 

 

10. The method of recovering short-chain nucleic acids according to Claim 9, wherein the 

silicic acid-containing material is silica, magnetic silica, glass, or silicon dioxide. 

 

11. The method of recovering short-chain nucleic acids according to any one of Claims 1 to 

10, wherein the short-chain nucleic acid is circulating DNA. 

 

12. A method of purifying short-chain nucleic acids from a whole blood sample, using the 

method of recovering short-chain nucleic acids according to any one of Claims 1 to 11. 

 

13. A kit of recovering short-chain nucleic acids when used in the method for recovering 

short-chain nucleic acids according to any one of Claims 1 to 11, comprising: 

 a first buffer which contains at least one of a chaotropic agent and a surfactant; 

 a second buffer which contains an alcohol and at least one of a chaotropic agent 

and a surfactant; and 

 nucleic acid adsorbents, wherein 

 the alcohol contained in the second buffer is at least one of branched or linear 

alkanols having 1 to 5 carbon atoms, 

 the chaotropic agent contained in the first buffer is one or more compounds 

selected from a guanidine salt, sodium iodide, and sodium perchlorate, and  

 the chaotropic agent contained in the second buffer is one or more compounds 
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selected from a guanidine salt, sodium iodide, and sodium perchlorate. 

 

14. The kit of recovering short-chain nucleic acids when used according to Claim 13, which 

is configured to recover circulating DNA from a whole blood sample. 

 

 

 


