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FURTHER ASPECTS 

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs; it is to be understood that the invention encompasses these aspects: 

Paragraph 1. An in vitro method of synthesising a double-stranded polynucleotide 

having a predefined sequence, the method comprising performing cycles of synthesis wherein 5 

in each cycle, a first strand is extended by the incorporation of a nucleotide of the predefined 

sequence and the second strand which is hybridized to the first strand is extended by the 

incorporation of a nucleotide thereby forming a nucleotide pair with the incorporated 

nucleotide of the first strand. 

Paragraph 2. A method according to Paragraph 1, wherein each cycle comprises 10 

extending the first strand by incorporating the nucleotide of the predefined sequence together 

with an attached reversible blocking group followed by extending the second strand, wherein 

the reversible blocking group is removed before or after the second strand is extended. 

Paragraph 3. A method according to Paragraph 1 or Paragraph 2, wherein in each cycle 

the nucleotides are incorporated into a scaffold polynucleotide. 15 

Paragraph 4. A method according to Paragraph 3, wherein each cycle comprises: (1) 

providing a scaffold polynucleotide; (2) incorporating into the scaffold polynucleotide by the 

action of polymerase a nucleotide of the predefined sequence, the nucleotide comprising a 

reversible terminator group which prevents further extension by polymerase; (3) cleaving the 

scaffold polynucleotide at a cleavage site; (4) ligating a ligation polynucleotide to the cleaved 20 

scaffold polynucleotide, the ligation polynucleotide comprising a partner nucleotide for the 

nucleotide of the predefined sequence, wherein upon ligation the nucleotide of the predefined 

sequence pairs with the partner nucleotide; and (5) removing the reversible terminator group 

from the nucleotide of the predefined sequence. 

Paragraph 5. A method according to Paragraph 4, wherein step (1) comprises 25 

providing a scaffold polynucleotide comprising a synthesis strand and a support strand 

hybridized thereto, wherein the synthesis strand comprises a primer strand portion, and the 

support strand comprises a universal nucleotide; wherein step (3) comprises cleaving the 

scaffold polynucleotide at a cleavage site, the site defined by a sequence comprising the 

universal nucleotide in the support strand, wherein cleavage comprises cleaving the support 30 
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strand and removing the universal nucleotide; and wherein in step (4) the ligation 

polynucleotide comprises a support strand comprising a universal nucleotide which defines a 

cleavage site for use in the next cycle, and wherein the ligation polynucleotide is ligated to the 

support strand of the cleaved scaffold polynucleotide. 

Paragraph 6. A method according to Paragraph 4 or Paragraph 5, the method 5 

comprising: (1) providing a scaffold polynucleotide comprising a synthesis strand and a 

support strand hybridized thereto, wherein the synthesis strand comprises a primer strand 

portion and a helper strand portion separated by a single-strand break, and the support strand 

comprises a universal nucleotide; (2) incorporating a first nucleotide of the predefined 

sequence into the synthesis strand by the action of polymerase, the first nucleotide comprising 10 

a reversible terminator group which prevents further extension by polymerase; (3) cleaving 

the scaffold polynucleotide at a cleavage site, the site defined by a sequence comprising the 

universal nucleotide in the support strand, wherein cleavage comprises cleaving the support 

strand and removing the universal nucleotide to provide in the synthesis strand an overhanging 

end comprising the first nucleotide; (4) ligating a double-stranded ligation polynucleotide to 15 

the cleaved scaffold polynucleotide, the ligation polynucleotide comprising a support strand, a 

helper strand and a complementary ligation end, the ligation end comprising in the support 

strand a universal nucleotide and a partner nucleotide for the first nucleotide which overhangs 

the helper strand, and in the helper strand a terminal nucleotide lacking a phosphate group, 

wherein upon ligation of the support strands the first nucleotide pairs with the partner 20 

nucleotide, (5) removing the terminator group from the first nucleotide; (6) incorporating the 

next nucleotide of the predefined nucleotide sequence into the synthesis strand of the scaffold 

polynucleotide by the action of polymerase, the next nucleotide comprising a reversible 

terminator group which prevents further extension by polymerase; (7) cleaving the scaffold 

polynucleotide at a cleavage site, the site defined by a sequence comprising a universal 25 

nucleotide in the support strand, wherein cleavage comprises cleaving the support strand and 

removing the universal nucleotide to provide in the synthesis strand an overhanging end 

comprising the next nucleotide; (8) ligating a double-stranded ligation polynucleotide to the 

cleaved scaffold polynucleotide, the ligation polynucleotide comprising a support strand, a 

helper strand and a complementary ligation end, the ligation end comprising in the support 30 

strand a universal nucleotide and a partner nucleotide for the next nucleotide which overhangs 

the helper strand, and in the helper strand a terminal nucleotide lacking a phosphate group, 
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wherein upon ligation of the support strands the next nucleotide pairs with the partner 

nucleotide; (9) removing the terminator group from the next nucleotide; and (10) repeating 

steps 6 to 9 multiple times to provide the double-stranded polynucleotide having a predefined 

nucleotide sequence. 

Paragraph 7. A method according to Paragraph 5 or Paragraph 6, wherein in a given 5 

synthesis cycle the universal nucleotide occupies position n in: (a) the support strand of the 

scaffold polynucleotide in steps 1 and 6, wherein position n is the nucleotide position in the 

support strand which is opposite the position in the synthesis strand which will be occupied by 

the nucleotide of the predefined sequence upon its incorporation in that cycle, and (b) the 

support strand of the ligation polynucleotide in steps 4 and 8, wherein position n is the 10 

nucleotide position in the support strand which is opposite the position in the synthesis strand 

which will be occupied by the next nucleotide of the predefined sequence upon its 

incorporation in the next synthesis cycle; wherein position n-1 is the next nucleotide position 

in the support strand relative to the position occupied by the universal nucleotide in the 

direction distal to the helper strand/proximal to the primer strand; and wherein the support 15 

strand of the scaffold polynucleotide is cleaved between positions n and n-1 in steps 3 and 7. 

Paragraph 8. A method according to Paragraph 5 or Paragraph 6, wherein in a given 

synthesis cycle the universal nucleotide occupies position n+1 in: (a) the support strand of the 

scaffold polynucleotide in steps 1 and 6, wherein position n is the nucleotide position in the 

support strand which is opposite the position in the synthesis strand which will be occupied by 20 

the nucleotide of the predefined sequence upon its incorporation in that cycle, and (b) the 

support strand of the ligation polynucleotide in steps 4 and 8, wherein position n is the 

nucleotide position in the support strand which is opposite the position in the synthesis strand 

which will be occupied by the next nucleotide of the predefined sequence upon its 

incorporation in the next synthesis cycle; wherein position n-1 is the next nucleotide position 25 

in the support strand relative to position n in the direction distal to the helper strand/proximal 

to the primer strand, and wherein position n+1 is the next nucleotide position in the support 

strand relative to position n in the direction proximal to the helper strand/distal to the primer 

strand; and wherein the support strand of the scaffold polynucleotide is cleaved between 

positions n and n-1 in steps 3 and 7. 30 



 

 

 

212 

Paragraph 9. A method according to Paragraph 5 or Paragraph 6, wherein in a given 

synthesis cycle the universal nucleotide occupies position n in: (a) the support strand of the 

scaffold polynucleotide in steps 1 and 6, wherein position n is the nucleotide position in the 

support strand which is opposite the position in the synthesis strand which will be occupied by 

the nucleotide of the predefined sequence upon its incorporation in that cycle, and (b) the 5 

support strand of the ligation polynucleotide in steps 4 and 8, wherein position n is the 

nucleotide position in the support strand which is opposite the position in the synthesis strand 

which will be occupied by the next nucleotide of the predefined sequence upon its 

incorporation in the next synthesis cycle; wherein position n-1 is the next nucleotide position 

in the support strand relative to the position occupied by the universal nucleotide in the 10 

direction distal to the helper strand/proximal to the primer strand, and wherein position n-2 is 

the next nucleotide position in the support strand relative to position n-1 in the direction distal 

to the helper strand/proximal to the primer strand; and wherein the support strand of the 

scaffold polynucleotide is cleaved between positions n-1 and n-2 in steps 3 and 7. 

Paragraph 10. A method according to Paragraph 6 or Paragraph 7, wherein: a) in steps 15 

(1)/(6) the universal nucleotide in the support strand is positioned opposite the terminal 

nucleotide of the helper strand adjacent the single-strand break and is paired therewith 

(position n); b) in step (2)/(6) the first/next nucleotide is incorporated into the synthesis strand 

at a position opposite the universal nucleotide in the support strand (position n), whereupon 

the first/next nucleotide pairs with the universal nucleotide; c) in step (3)/(7) the support 20 

strand is cleaved at a position between the universal nucleotide position (position n) and the 

nucleotide next to the universal nucleotide position in the support strand (position n-1, in the 

direction distal to the helper strand/proximal to the primer strand), wherein cleavage generates 

a single-nucleotide overhang in the scaffold polynucleotide comprising the first/next 

nucleotide overhanging the support strand; and d) in step (4)/(8), the ligation end of the 25 

ligation polynucleotide comprises a single-nucleotide overhang and wherein: i. the universal 

nucleotide in the support strand is positioned (position n) opposite the terminal nucleotide of 

the helper strand and is paired therewith; ii. the universal nucleotide is positioned next to the 

terminal nucleotide of the support strand; iii. the terminal nucleotide of the support strand 

(position n-1) overhangs the terminal nucleotide of the helper strand and is the partner 30 

nucleotide for the first/next nucleotide of step (2)/(6). 
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Paragraph 11. A method according to Paragraph 6 or Paragraph 8, wherein: a) in step 

(1) the scaffold polynucleotide is provided in the support strand with a nucleotide (position n) 

which is the partner nucleotide for the first nucleotide of step (2), and the universal nucleotide 

in the support strand is positioned next to the partner nucleotide (position n+1, in the direction 

proximal to the helper strand/distal to the primer strand); b) in step (2)/(6) the first/next 5 

nucleotide is incorporated into the synthesis strand at the position opposite the partner 

nucleotide in the support strand (position n), whereupon the first/next nucleotide pairs with the 

partner nucleotide; c) in step (3)/(7) the support strand is cleaved at a position between the 

first nucleotide (position n) and the second nucleotide (position n-1) from the universal 

nucleotide in the support strand in the direction distal to the helper strand/proximal to the 10 

primer strand, wherein cleavage removes the universal nucleotide and creates a single-

nucleotide overhang in the scaffold polynucleotide comprising the first/next nucleotide 

overhanging the support strand; d) in step (4)/(8), the complementary ligation end of the 

ligation polynucleotide comprises a single-nucleotide overhang and wherein: i. the universal 

nucleotide in the support strand is positioned opposite the penultimate nucleotide of the helper 15 

strand (position n+1) and is paired therewith; ii. the universal nucleotide is positioned next to 

the penultimate nucleotide of the support strand (position n); iii. the penultimate nucleotide of 

the support strand (position n) is paired with the terminal nucleotide of the helper strand and is 

a partner nucleotide for the next nucleotide in step (6) of the next synthesis cycle; and iv. the 

terminal nucleotide of the support strand (position n-1) overhangs the terminal nucleotide of 20 

the helper strand and is a partner nucleotide for the first nucleotide of step (2), or is a partner 

nucleotide for the newly-incorporated nucleotide of step (6) of the current synthesis cycle. 

Paragraph 12. A method according to Paragraph 6 or Paragraph 9, wherein: a) in steps 

(1)/(6) the universal nucleotide in the support strand of the scaffold polynucleotide is 

positioned opposite the terminal nucleotide of the helper strand adjacent the single-strand 25 

break and is paired therewith (position n); b) in step (2)/(6), the first/next nucleotide is 

incorporated into the synthesis strand at a position opposite the universal nucleotide in the 

support strand, whereupon the first/next nucleotide pairs with the universal nucleotide; c) in 

step (3)/(7) the support strand is cleaved at a position between the first nucleotide (position n-

1) and the second nucleotide (position n-2) from the universal nucleotide in the support strand 30 

in the direction distal to the helper strand/proximal to the primer strand, wherein cleavage 

removes the universal nucleotide and creates a double-nucleotide overhang in the scaffold 
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polynucleotide comprising the first/next nucleotide overhanging the support strand; d) in step 

(4)/(8) the complementary ligation end of the ligation polynucleotide comprises a double-

nucleotide overhang and wherein: i. the universal nucleotide in the support strand is 

positioned (position n) opposite the terminal nucleotide of the helper strand and is paired 

therewith; ii. the universal nucleotide is positioned next to the penultimate nucleotide of the 5 

support strand; and iii. the penultimate nucleotide of the support strand (position n-1) 

overhangs the terminal nucleotide of the helper strand and is the partner nucleotide for the 

first/next nucleotide in step (2)/(6). 

Paragraph 13. A method according to any one of the preceding Paragraphs, wherein a 

nucleotide which pairs with a first/next nucleotide of the predefined sequence is a nucleotide 10 

which is complementary with the first/next nucleotide, preferably naturally complementary. 

Paragraph 14. A method according to any one of Paragraphs 6 to 13, wherein step (1) 

and/or (6) comprises providing a scaffold polynucleotide comprising a synthesis strand and a 

support strand hybridized thereto, the synthesis strand is provided without a helper strand. 

Paragraph 15. A method according to any one of Paragraphs 6 to 14, wherein in any 15 

one or more cycles of synthesis, or in all cycles of synthesis, after the step of ligating the 

double-stranded ligation polynucleotide to the cleaved scaffold polynucleotide and before the 

step of incorporating the next nucleotide of the predefined nucleotide sequence into the 

synthesis strand of the scaffold polynucleotide, the helper strand portion of the synthesis 

strand is removed from the scaffold polynucleotide. 20 

Paragraph 16. A method according to Paragraph 15, wherein the helper strand portion 

of the synthesis strand is removed from the scaffold polynucleotide by: (i) heating the scaffold 

polynucleotide to a temperature of about 80°C to about 95°C and separating the helper strand 

portion from the scaffold polynucleotide, (ii) treating the scaffold polynucleotide with urea 

solution, such as 8M urea and separating the helper strand portion from the scaffold 25 

polynucleotide, (iii) treating the scaffold polynucleotide with formamide or formamide 

solution, such as 100% formamide and separating the helper strand portion from the scaffold 

polynucleotide, or (iv) contacting the scaffold polynucleotide with a single-stranded 

polynucleotide molecule which comprises a region of nucleotide sequence which is 

complementary with the sequence of the helper strand portion, thereby competitively 30 

inhibiting the hybridisation of the helper strand portion to the scaffold polynucleotide. 
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Paragraph 17. A method according to any one of Paragraphs 4 to 7, Paragraph 10 and 

Paragraphs 13 to 16, wherein each cleavage step comprises a first step comprising removing 

the universal nucleotide thus forming an abasic site, and a second step comprising cleaving the 

support strand at the abasic site. 

Paragraph 18. A method according to Paragraph 17, wherein the first step is performed 5 

with a nucleotide-excising enzyme. 

Paragraph 19. A method according to Paragraph 18, wherein the nucleotide-excising 

enzyme is a 3-methyladenine DNA glycosylase enzyme. 

Paragraph 20. A method according to Paragraph 19, wherein the nucleotide-excising 

enzyme is human alkyladenine DNA glycosylase (hAAG). 10 

Paragraph 21. A method according to any one of Paragraphs 17 to 20, wherein the 

second step is performed with a chemical which is a base. 

Paragraph 22. A method according to Paragraph 21, wherein the base is NaOH. 

Paragraph 23. A method according to any one of Paragraphs 17 to 20, wherein the 

second step is performed with an organic chemical having abasic site cleavage activity. 15 

Paragraph 24. A method according to Paragraph 23, wherein the organic chemical is 

N,N’-dimethylethylenediamine. 

Paragraph 25. A method according to any one of Paragraphs 17 to 20, wherein the 

second step is performed with an enzyme having abasic site lyase activity. 

Paragraph 26. A method according to Paragraph 25, wherein the enzyme is 20 

Endonuclease VIII. 

Paragraph 27. A method according to any one of Paragraphs 4 and 13 to 16, wherein 

the cleavage step comprises cleaving the support strand with an enzyme. 

Paragraph 28. A method according to Paragraph 27, wherein the enzyme cleaves the 

support strand after the nucleotide which is next to the universal nucleotide, thereby creating 25 

the overhanging end in the synthesis strand comprising the first/next nucleotide. 
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Paragraph 29. A method according to Paragraph 28, wherein the enzyme is 

Endonuclease V. 

Paragraph 30. A method according to any one of the preceding Paragraphs, wherein 

both strands of the synthesised double-stranded polynucleotide are DNA strands. 

Paragraph 31. A method according to any one of Paragraphs 5 to 30, wherein the 5 

synthesis strand and the support strand are DNA strands. 

Paragraph 32. A method according to Paragraph 30 or Paragraph 31, wherein 

incorporated nucleotides are dNTPs. 

Paragraph 33. A method according to Paragraph 32 wherein incorporated nucleotides 

are dNTPs comprising a reversible terminator group. 10 

Paragraph 34. A method according to Paragraph 33, wherein one or more of the 

incorporated nucleotides comprising a reversible terminator group are 3’-O-allyl-dNTPs. 

Paragraph 35. A method according to Paragraph 33, wherein one or more of the 

incorporated nucleotides comprising a reversible terminator group are 3’-O-azidomethyl-

dNTPs. 15 

Paragraph 36. A method according to any one of Paragraphs 1 to 29, wherein a first 

strand of the synthesised double-stranded polynucleotide is a DNA strand and the second 

strand of the synthesised double-stranded polynucleotide is an RNA strand. 

Paragraph 37. A method according to any one of Paragraphs 1 to 29 and Paragraph 36, 

wherein the synthesis strand is an RNA strand and the support strand is a DNA strand. 20 

Paragraph 38. A method according to Paragraph 37, wherein incorporated nucleotides 

are NTPs. 

Paragraph 39. A method according to Paragraph 38, wherein incorporated nucleotides 

are NTPs comprising a reversible terminator group. 

Paragraph 40. A method according to Paragraph 39, wherein incorporated nucleotides 25 

comprising a reversible terminator group are 3’-O-allyl-NTPs. 
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Paragraph 41. A method according to Paragraph 39, wherein incorporated nucleotides 

comprising a reversible terminator group are 3’-O-azidomethyl-NTPs. 

Paragraph 42. A method according to any one of Paragraphs 1 to 35, wherein the 

polymerase is a DNA polymerase, preferably a modified DNA polymerase having an 

enhanced ability to incorporate a dNTP comprising a reversible terminator group compared to 5 

an unmodified polymerase. 

Paragraph 43. A method according to Paragraph 42, wherein the polymerase is a 

variant of the native DNA polymerase from Thermococcus species 9°N, preferably species 

9°N-7. 

Paragraph 44. A method according to any one of Paragraphs 1 to 29 and 36 to 41, 10 

wherein the polymerase is an RNA polymerase such as T3 or T7 RNA polymerase, optionally 

a modified RNA polymerase having an enhanced ability to incorporate an NTP comprising a 

reversible terminator group compared to an unmodified polymerase. 

Paragraph 45. A method according to any one of Paragraphs 3 to 44, wherein the step 

of removing the reversible terminator group from the first/next nucleotide is performed with 15 

tris(carboxyethyl)phosphine (TCEP). 

Paragraph 46. A method according to any one of Paragraphs 3 to 45, wherein the step 

of ligating a double-stranded ligation polynucleotide to the cleaved scaffold polynucleotide is 

performed with a ligase enzyme. 

Paragraph 47. A method according to Paragraph 46, wherein the ligase enzyme is a T3 20 

DNA ligase or a T4 DNA ligase. 

Paragraph 48. A method according to any one of Paragraphs 3 to 47, wherein in step 

(1) and/or (6) the helper strand and the portion of the support strand hybridized thereto are 

connected by a hairpin loop. 

Paragraph 49. A method according to any one of Paragraphs 3 to 47, wherein in step 25 

(1) the synthesis strand comprising the primer strand portion and the portion of the support 

strand hybridized thereto are connected by a hairpin loop. 
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Paragraph 50. A method according to any one of Paragraphs 3 to 47, wherein in step 

(1) and/or (6): a) the helper strand and the portion of the support strand hybridized thereto are 

connected by a hairpin loop; and b) the synthesis strand comprising the primer strand portion 

and the portion of the support strand hybridized thereto are connected by a hairpin loop. 

Paragraph 51. A method according to any one of Paragraphs 3 to 50, wherein at least 5 

one of the ligation polynucleotides is provided as a single molecule comprising a hairpin loop 

connecting the support strand and the helper strand at the end opposite the overhanging end. 

Paragraph 52. A method according to any one of Paragraphs 3 to 51, wherein the 

ligation polynucleotides of each synthesis cycle are provided as single molecules each 

comprising a hairpin loop connecting the support strand and the helper strand at the end 10 

opposite the overhanging end. 

Paragraph 53. A method according to any one of Paragraphs 3 to 52, wherein in step 

(1) the synthesis strand comprising the primer strand portion and the portion of the support 

strand hybridized thereto are tethered to a common surface. 

Paragraph 54. A method according to Paragraph 53 wherein the primer strand portion 15 

and the portion of the support strand hybridized thereto each comprise a cleavable linker, 

wherein the linkers may be cleaved to detach the double-stranded polynucleotide from the 

surface following synthesis. 

Paragraph 55. A method according to any one of Paragraphs 3 to 52, wherein in step 

(1) the primer strand portion of the synthesis strand and the portion of the support strand 20 

hybridized thereto are connected by a hairpin loop, and wherein the hairpin loop is tethered to 

a surface. 

Paragraph 56. A method according to Paragraph 55 wherein the hairpin loop is 

tethered to a surface via a cleavable linker, wherein the linker may be cleaved to detach the 

double-stranded polynucleotide from the surface following synthesis. 25 

Paragraph 57. A method according to Paragraph 54 or Paragraph 56, wherein the 

cleavable linker is a UV cleavable linker. 

Paragraph 58. A method according to any one of Paragraphs 53 to 57, wherein the 

surface is a microparticle. 
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Paragraph 59. A method according to any one of Paragraphs 53 to 57, wherein the 

surface is a planar surface. 

Paragraph 60. A method according to Paragraph 59, wherein the surface comprises a 

gel. 

Paragraph 61. A method according to Paragraph 60, wherein the surface comprises a 5 

polyacrylamide surface, such as about 2% polyacrylamide, preferably wherein the 

polyacrylamide surface is coupled to a solid support such as glass. 

Paragraph 62. A method according to any one of Paragraphs 53 to 61, wherein the 

synthesis strand comprising the primer strand portion and the portion of the support strand 

hybridized thereto are tethered to the common surface via one or more covalent bonds. 10 

Paragraph 63. A method according to Paragraph 62, wherein the one or more covalent 

bonds is formed between a functional group on the common surface and a functional group on 

the scaffold molecule, wherein the functional group on the scaffold molecule is an amine 

group, a thiol group, a thiophosphate group or a thioamide group. 

Paragraph 64. A method according to Paragraph 63, wherein the functional group on 15 

the common surface is a bromoacetyl group, optionally wherein the bromoacetyl group is 

provided on a polyacrylamide surface derived using N- (5- bromoacetamidylpentyl) 

acrylamide (BRAPA). 

Paragraph 65. A method according to any one of Paragraphs 3 to 59, wherein the step 

of removing the reversible terminator group from a nucleotide of the predefined sequence is 20 

performed before the cleavage step, or before the ligation step. 

Paragraph 66. A method according to any one of the preceding Paragraphs, wherein 

synthesis cycles are performed in droplets within a microfluidic system. 

Paragraph 67. A method according to Paragraph 66, wherein the microfluidic system is 

an electrowetting system. 25 

Paragraph 68. A method according to Paragraph 66, wherein the microfluidic system is 

an electrowetting-on-dielectric system (EWOD). 
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Paragraph 69. A method according to any one of the preceding Paragraphs, wherein 

following synthesis the strands of the double-stranded polynucleotides are separated to 

provide a single-stranded polynucleotide having a predefined sequence. 

Paragraph 70. A method according to any one of the preceding Paragraphs, wherein 

following synthesis the double-stranded polynucleotide or a region thereof is amplified, 5 

preferably by PCR. 

Paragraph 71. A method of assembling a polynucleotide having a predefined sequence, 

the method comprising performing the method of any one of the preceding Paragraphs to 

synthesise a first polynucleotide having a predefined sequence and one or more additional 

polynucleotides having a predefined sequence and joining together the first and one or more 10 

additional polynucleotides. 

Paragraph 72. A method according to Paragraph 71 wherein the first polynucleotide 

and the one or more additional polynucleotides are double-stranded. 

Paragraph 73. A method according to Paragraph 71 wherein the first polynucleotide 

and the one or more additional polynucleotides are single-stranded. 15 

Paragraph 74. A method according to any one of Paragraphs 71 to 73, wherein the first 

polynucleotide and the one or more additional polynucleotides are cleaved to create 

compatible termini and joined together by ligation. 

Paragraph 75. A method according to Paragraph 74, wherein the first polynucleotide 

and the one or more additional polynucleotides are cleaved by a restriction enzyme at a 20 

cleavage site. 

Paragraph 76. A method according to any one of Paragraphs 68 to 75, wherein the 

synthesis and/or assembly steps are performed in droplets within a microfluidic system. 

Paragraph 77. A method according to Paragraph 76 wherein the assembly steps 

comprise providing a first droplet comprising a first synthesised polynucleotide having a 25 

predefined sequence and a second droplet comprising an additional one or more synthesised 

polynucleotides having a predefined sequence, wherein the droplets are brought in contact 

with each other and wherein the synthesised polynucleotides are joined together thereby 

assembling a polynucleotide comprising the first and additional one or more polynucleotides. 
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Paragraph 78. A method according to Paragraph 77 wherein the synthesis steps are 

performed by providing a plurality of droplets each droplet comprising reaction reagents 

corresponding to a step of the synthesis cycle, and sequentially delivering the droplets to the 

scaffold polynucleotide in accordance with the steps of the synthesis cycles. 

Paragraph 79. A method according to Paragraph 78, wherein following delivery of a 5 

droplet and prior to the delivery of a next droplet, a washing step is carried out to remove 

excess reaction reagents. 

Paragraph 80. A method according to Paragraph 78 and 79, wherein the microfluidic 

system is an electrowetting system. 

Paragraph 81. A method according to Paragraph 80, wherein the microfluidic system is 10 

an electrowetting-on-dielectric system (EWOD). 

Paragraph 82. A method according to any one of Paragraphs 78 to 81, wherein 

synthesis and assembly steps are performed within the same system. 

Paragraph 83. A polynucleotide synthesis system for carrying out the method 

according to any one of Paragraphs 1 to 76 and Paragraphs 78 to 82, comprising (a) an array 15 

of reaction areas, wherein each reaction area comprises at least one scaffold polynucleotide; 

and (b) means for the delivery of the reaction reagents to the reaction areas and optionally, (c) 

means to cleave the synthesised double-stranded polynucleotide from the scaffold 

polynucleotide. 

Paragraph 84. A system according to Paragraph 83 further comprising means for 20 

providing the reaction reagents in droplets and means for delivering the droplets to the 

scaffold polynucleotide in accordance with the synthesis cycles. 

Paragraph 85. A kit for use with the system of Paragraphs 83 or 84 and for carrying 

out the method according to any one of Paragraphs 1 to 75, the kit comprising volumes of 

reaction reagents corresponding to the steps of the synthesis cycles. 25 

Paragraph 86. A method of making a polynucleotide microarray, wherein the 

microarray comprises a plurality of reaction areas, each area comprising one or more 

polynucleotides having a predefined sequence, the method comprising: a) providing a surface 

comprising a plurality of reaction areas, each area comprising one or more double-stranded 
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anchor or scaffold polynucleotides, and b) performing cycles of synthesis according to the 

method of any one of Paragraphs 1 to 68 at each reaction area, thereby synthesising at each 

area one or more double-stranded polynucleotides having a predefined sequence. 

Paragraph 87. A method according to Paragraph 86, wherein following synthesis the 

strands of the double-stranded polynucleotides are separated to provide a microarray wherein 5 

each area comprises one or more single-stranded polynucleotides having a predefined 

sequence. 

Paragraph 88. A nucleotide molecule construct comprising a polynucleotide molecule 

having a sequence as defined in any one of SEQ ID NOS: 1 to 67. 

Paragraph 89. A nucleotide molecule construct comprising a polynucleotide molecule 10 

having a sequence as defined in any one of SEQ ID NOS: 1 to 67, wherein each 

polynucleotide sequence as defined in any one of SEQ ID NOS: 1 to 67 is modified with the 

respective modification(s) shown in the Figures, if present. 
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SEQUENCE LISTING 
 
<110> OXFORD NANOPORE TECHNOLOGIES LIMITED 
 
<120> SYNTHESIS METHOD 
 
<130> P000728SG3 
 
<140> 
<141> 
 
<150> GB 1700937.4 
<151> 2017-01-19 
 
<160> 67     
 
<170> PatentIn version 3.5 
 
<210> 1 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 1 
gcgacaggtg actgcagc                                                     18 
 
 
<210> 2 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 2 
cacatcacgt cgtagtcngc tgcagtcacc tgtcgc                                 36 
 
 
<210> 3 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
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<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 3 
cacatcacgt cgtagtcngc tgcagtcacc tgtcgc                                 36 
 
 
<210> 4 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 4 
gcgacaggtg actgcagct                                                    19 
 
 
<210> 5 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 5 
gcgacaggtg actgcagctg actacgacgt gatgtg                                 36 
 
 
<210> 6 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (17)..(17) 
<223> 2'-deoxyinosine  
 
<400> 6 
cacatcacgt cgtagtnagc tgcagtcacc tgtcgc                                 36 
 
 
<210> 7 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
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<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 7 
gctgcagtca cctgtcgc                                                     18 
 
 
<210> 8 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 8 
gcgacaggtg actgcagct                                                    19 
 
 
<210> 9 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (17)..(17) 
<223> 2'-deoxyinosine  
 
<400> 9 
cacatcacgt cgtagtna                                                     18 
 
 
<210> 10 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 10 
gcgacaggtg actgcagc                                                     18 
 
 
<210> 11 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
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<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 11 
cacatcacgt cgtagtcngc tgcagtcacc tgtcgc                                 36 
 
 
<210> 12 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 12 
cgactacgac gtgatgtg                                                     18 
 
 
<210> 13 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> Deoxyinosine  
 
<400> 13 
cacatcacgt cgtagtcngc tgcagtcacc tgtcgc                                 36 
 
 
<210> 14 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 14 
gcgacaggtg actgcagct                                                    19 
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<210> 15 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 15 
gcgacaggtg actgcagctg actacgacgt gatgtg                                 36 
 
 
<210> 16 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 16 
tgactacgac gtgatgtg                                                     18 
 
 
<210> 17 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (17)..(17) 
<223> 2'-deoxyinosine  
 
<400> 17 
cacatcacgt cgtagtnagc tgcagtcacc tgtcgc                                 36 
 
 
<210> 18 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 18 
gctgcagtca cctgtcgc                                                     18 
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<210> 19 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 19 
gcgacaggtg actgcagct                                                    19 
 
 
<210> 20 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (17)..(17) 
<223> 2'-deoxyinosine  
 
<400> 20 
cacatcacgt cgtagtna                                                     18 
 
 
<210> 21 
<211> 17 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 21 
cactacgacg tgatgtg                                                      17 
 
 
<210> 22 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 22 
gcgacaggtg actgcagc                                                     18 
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<210> 23 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 23 
cacatcacgt cgtagtcnag ctgcagtcac ctgtcgc                                37 
 
 
<210> 24 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 24 
cacatcacgt cgtagtcngg ctgcagtcac ctgtcgc                                37 
 
 
<210> 25 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 25 
cacatcacgt cgtagtcnag ctgcagtcac ctgtcgc                                37 
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<210> 26 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> 2'-deoxyinosine  
 
<400> 26 
cacatcacgt cgtagtcnag ctgcagtcac ctgtcgc                                37 
 
 
<210> 27 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 27 
tcgactacga cgtgatgtg                                                    19 
 
 
<210> 28 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 28 
ccgactacga cgtgatgtg                                                    19 
 
 
<210> 29 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 29 
acgactacga cgtgatgtg                                                    19 
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<210> 30 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 30 
gcgactacga cgtgatgtg                                                    19 
 
 
<210> 31 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (18)..(18) 
<223> Deoxyinosine  
 
<400> 31 
cacatcacgt cgtagtcnag ctgcagtcac ctgtcgc                                37 
 
 
<210> 32 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 32 
gcgacaggtg actgcagct                                                    19 
 
 
<210> 33 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 33 
gcgacaggtg actgcagctg actacgacgt gatgtg                                 36 
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<210> 34 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 34 
tcgactacga cgtgatgtg                                                    19 
 
 
<210> 35 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 35 
gctgcagtca cctgtcgc                                                     18 
 
 
<210> 36 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 36 
gcgacaggtg actgcagct                                                    19 
 
 
<210> 37 
<211> 19 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (17)..(17) 
<223> 2'-deoxyinosine  
 
<400> 37 
cacatcacgt cgtagtnga                                                    19 
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<210> 38 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 38 
ccactacgac gtgatgtg                                                     18 
 
 
<210> 39 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      primer" 
 
<400> 39 
gcgacaggtg actgcagc                                                     18 
 
 
<210> 40 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 40 
cacatcacgt cgtagtcagc tgcagtcacc tgtcgc                                 36 
 
 
<210> 41 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 41 
cacatcacgt cgtagtcggc tgcagtcacc tgtcgc                                 36 
 
 
<210> 42 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
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<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 42 
cacatcacgt cgtagtctgc tgcagtcacc tgtcgc                                 36 
 
 
<210> 43 
<211> 36 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 43 
cacatcacgt cgtagtccgc tgcagtcacc tgtcgc                                 36 
 
 
<210> 44 
<211> 78 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (58)..(58) 
<223> Tamra-dT 
 
<400> 44 
tcgactacga cgtgactttt agtcacgtcg tagtcnagct gcagtcacct gctgcttntt       60 
 
gcagcaggtg actgcagc                                                     78 
 
 
<210> 45 
<211> 79 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
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<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (58)..(58) 
<223> Tamra-dT 
 
<400> 45 
tcgactacga cgtgactttt agtcacgtcg tagtcnagct gcagtcacct gctgcttntt       60 
 
gcagcaggtg actgcagct                                                    79 
 
 
<210> 46 
<211> 42 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (21)..(21) 
<223> Tamra-dT phosphate 
 
<400> 46 
gctgcagtca cctgctgctt nttgcagcag gtgactgcag ct                          42 
 
 
<210> 47 
<211> 38 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<400> 47 
ccgactacga cgtgactttt agtcacgtcg tagtcnga                               38 
 
 
<210> 48 
<211> 78 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
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      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (58)..(58) 
<223> Tamra-dT  
 
<400> 48 
tcgactacga cgtgactttt agtcacgtcg tagtcnagct gcagtcacct gctgcttntt       60 
 
gcagcaggtg actgcagc                                                     78 
 
 
<210> 49 
<211> 38 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<400> 49 
ccgactacga cgtgactttt agtcacgtcg tagtcnga                               38 
 
 
<210> 50 
<211> 58 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> Tamra-dT  
 
<400> 50 
agtcacgtcg tagtcnagct gcagtcacct gctgcttntt gcagcaggtg actgcagc         58 
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<210> 51 
<211> 17 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 51 
tcgactacga cgtgact                                                      17 
 
 
<210> 52 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<400> 52 
agtcacgtcg tagtcnga                                                     18 
 
 
<210> 53 
<211> 17 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
<400> 53 
ccgactacga cgtgact                                                      17 
 
 
<210> 54 
<211> 78 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
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<221> modified_base 
<222> (35)..(35) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (57)..(57) 
<223> Tamra-dT  
 
<400> 54 
cgactacgac gtgactttta gtcacgtcgt agtcnagctg cagtcacctg ctgcttnttg       60 
 
cagcaggtga ctgcagct                                                     78 
 
 
<210> 55 
<211> 37 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (35)..(35) 
<223> 2'-deoxyinosine  
 
<400> 55 
cgactacgac gtgactttta gtcacgtcgt agtcnaa                                37 
 
 
<210> 56 
<211> 78 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (35)..(35) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (52)..(52) 
<223> Tamra-dT  
 
<220> 
<221> modified_base 
<222> (57)..(57) 
<223> Biotin-dT 
 
<400> 56 
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cgactacgac gtgactttta gtcacgtcgt agtcnagctg cagtcacctg cngcttnttg       60 
 
cagcaggtga ctgcagct                                                     78 
 
 
<210> 57 
<211> 38 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (36)..(36) 
<223> 2'-deoxyinosine  
 
<400> 57 
ccgactacga cgtgactttt agtcacgtcg tagtcnga                               38 
 
 
<210> 58 
<211> 62 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (60)..(60) 
<223> 2'-deoxyinosine  
 
<400> 58 
acgagtgacc tggttttttt tttttttttt tttttttttt tttttttacc aggtcactcn       60 
 
tg                                                                      62 
 
 
<210> 59 
<211> 58 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
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<220> 
<221> modified_base 
<222> (33)..(33) 
<223> Tamra-dT 
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> Biotin-dT 
 
<400> 59 
agtcacgtcg tagtcnagct gcagtcacct gcngcttntt gcagcaggtg actgcagc         58 
 
 
<210> 60 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<400> 60 
agtcacgtcg tagtcnaa                                                     18 
 
 
<210> 61 
<211> 67 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<400> 61 
agtcacgtcg tagtcnagct gcagtcacct gctgcttttt tttttttttg cagcaggtga       60 
 
ctgcagc                                                                 67 
 
 
<210> 62 
<211> 67 
<212> DNA 
<213> Artificial Sequence 
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<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<400> 62 
agtcacgtcg tagtcnagct gcagtcacct gctgcttttt tttttttttg cagcaggtga       60 
 
ctgcagc                                                                 67 
 
 
<210> 63 
<211> 58 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> 5''-thiophosphate-Sp9-Sp9-Sp9-5-methylC 
 
<400> 63 
agtcacgtcg tagtcnagct gcagtcacct gctgcttctt gcagcaggtg actgcagc         58 
 
 
<210> 64 
<211> 58 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> 5''-phosphate-Sp9-Sp9-Sp9-5-methylC  
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<400> 64 
agtcacgtcg tagtcnagct gcagtcacct gctgcttctt gcagcaggtg actgcagc         58 
 
 
<210> 65 
<211> 59 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> 5''-thiophosphate-Sp9-Sp9-Sp9-5-methylC 
 
<400> 65 
agtcacgtcg tagtcnagct gcagtcacct gctgcttctt gcagcaggtg actgcagct        59 
 
 
<210> 66 
<211> 59 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
<221> modified_base 
<222> (38)..(38) 
<223> 5''-thiophosphate-Sp9-Sp9-Sp9-5-methylC  
 
<400> 66 
agtcacgtcg tagtcgagct gcagtcacct gctgcttctt gcagcaggtg actgcagct        59 
 
 
<210> 67 
<211> 18 
<212> DNA 
<213> Artificial Sequence 
 
<220> 
<221> source 
<223> /note="Description of Artificial Sequence: Synthetic 
      oligonucleotide" 
 
 
<220> 
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<221> modified_base 
<222> (16)..(16) 
<223> 2'-deoxyinosine  
 
<400> 67 
agtcacgtcg tagtcnaa                                                     18 



223 

CLAIMS 

1. A method of assembling a double-stranded polynucleotide having a predefined

sequence, the method comprising:

(A) performing an in vitro method to synthesise a first double-stranded polynucleotide

having a predefined sequence and performing the in vitro method to synthesise one or5 

more additional double-stranded polynucleotides having a predefined sequence, in

which each in vitro method for synthesising the double-stranded polynucleotides

comprises performing cycles of synthesis in which in each cycle, a first strand is

extended by the incorporation of a nucleotide of the predefined sequence and the second

strand which is hybridized to the first strand is extended by the incorporation of a10 

nucleotide thereby forming a nucleotide pair with the incorporated nucleotide of the first

strand; in which each cycle comprises extending the first strand by incorporating the

nucleotide of the predefined sequence together with an attached reversible terminator

group followed by extending the second strand; further in which in each cycle the

nucleotides are incorporated into a scaffold polynucleotide comprising a synthesis strand15 

and a support strand hybridized thereto, in which the synthesis strand comprises a

primer strand portion and in which each cycle comprises:

(1) providing the scaffold polynucleotide;

(2) incorporating into the scaffold polynucleotide by the action of polymerase a

nucleotide of the predefined sequence, the nucleotide comprising a reversible20 

terminator group which prevents further extension by polymerase;

(3) cleaving the scaffold polynucleotide at a cleavage site;

(4) ligating a ligation polynucleotide to the cleaved scaffold polynucleotide, the

ligation polynucleotide comprising a partner nucleotide for the nucleotide of the

predefined sequence, in which upon ligation the nucleotide of the predefined25 

sequence pairs with the partner nucleotide; and

(5) removing the reversible terminator group from the nucleotide of the

predefined sequence after step (4) or removing the reversible terminator group

from the nucleotide of predefined sequence after step (2) and before step (3), or

after step (3) and before step (4); and30 
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(B) joining together the first and the one or more additional polynucleotides.

2. A method according to Claim 1, in which in step (1) the support strand comprises a

universal nucleotide; in which step (3) comprises cleaving the scaffold polynucleotide at a

cleavage site, the site defined by a sequence comprising the universal nucleotide in the support

strand, in which cleavage comprises cleaving the support strand and removing the universal5 

nucleotide; and in which in step (4) the ligation polynucleotide comprises a support strand

comprising a universal nucleotide which defines a cleavage site for use in the next cycle, and

in which the ligation polynucleotide is ligated to the support strand of the cleaved scaffold

polynucleotide.

3. A method according to Claim 1 or 2, the method comprising: 10 

(1) providing the scaffold polynucleotide, in which the synthesis strand comprises a

primer strand portion and a helper strand portion separated by a single-strand break, and

the support strand comprises a universal nucleotide;

(2) incorporating a first nucleotide of the predefined sequence into the synthesis

strand by the action of polymerase, the first nucleotide comprising a reversible15 

terminator group which prevents further extension by polymerase;

(3) cleaving the scaffold polynucleotide at a cleavage site, the site defined by a

sequence comprising the universal nucleotide in the support strand, in which cleavage

comprises cleaving the support strand and removing the universal nucleotide to provide

in the synthesis strand an overhanging end comprising the first nucleotide;20 

(4) ligating a double-stranded ligation polynucleotide to the cleaved scaffold

polynucleotide, the ligation polynucleotide comprising a support strand, a helper strand

and a complementary ligation end, the ligation end comprising in the support strand a

universal nucleotide and a partner nucleotide for the first nucleotide which overhangs

the helper strand, and in the helper strand a terminal nucleotide lacking a phosphate25 

group, in which upon ligation of the support strands the first nucleotide pairs with the

partner nucleotide,

(5) removing the reversible terminator group from the first nucleotide after step (4)

and before step (6), or after step (2) and before step (3), or after step (3) and before step

(4);30 
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(6) incorporating the next nucleotide of the predefined nucleotide sequence into the

synthesis strand of the scaffold polynucleotide by the action of polymerase, the next

nucleotide comprising a reversible terminator group which prevents further extension by

polymerase;

(7) cleaving the scaffold polynucleotide at a cleavage site, the site defined by a5 

sequence comprising a universal nucleotide in the support strand, in which cleavage

comprises cleaving the support strand and removing the universal nucleotide to provide

in the synthesis strand an overhanging end comprising the next nucleotide;

(8) ligating a double-stranded ligation polynucleotide to the cleaved scaffold

polynucleotide, the ligation polynucleotide comprising a support strand, a helper strand10 

and a complementary ligation end, the ligation end comprising in the support strand a

universal nucleotide and a partner nucleotide for the next nucleotide which overhangs

the helper strand, and in the helper strand a terminal nucleotide lacking a phosphate

group, in which upon ligation of the support strands the next nucleotide pairs with the

partner nucleotide;15 

(9) removing the reversible terminator group from the next nucleotide after step (8)

and before step (10), or after step (6) and before step (7), or after step (7) and before step

(8); and

(10) repeating steps 6 to 9 multiple times to provide the double-stranded polynucleotide

having a predefined nucleotide sequence.20 

4. A method according to Claim 2 or 3, in which in a given synthesis cycle the universal

nucleotide occupies position n in: (a) the support strand of the scaffold polynucleotide in steps

1 and 6, in which position n is the nucleotide position in the support strand which is opposite

the position in the synthesis strand which will be occupied by the nucleotide of the predefined

sequence upon its incorporation in that cycle, and (b) the support strand of the ligation 25 

polynucleotide in steps 4 and 8, in which position n is the nucleotide position in the support 

strand which is opposite the position in the synthesis strand which will be occupied by the 

next nucleotide of the predefined sequence upon its incorporation in the next synthesis cycle; 

in which position n-1 is the next nucleotide position in the support strand relative to the 

position occupied by the universal nucleotide in the direction distal to the helper 30 

strand/proximal to the primer strand; and in which the support strand of the scaffold 

polynucleotide is cleaved between positions n and n-1 in steps 3 and 7. 
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5. A method according to Claim 2 or 3, in which in a given synthesis cycle the universal

nucleotide occupies position n+1 in: (a) the support strand of the scaffold polynucleotide in

steps 1 and 6, in which position n is the nucleotide position in the support strand which is

opposite the position in the synthesis strand which will be occupied by the nucleotide of the

predefined sequence upon its incorporation in that cycle, and (b) the support strand of the5 

ligation polynucleotide in steps 4 and 8, in which position n is the nucleotide position in the

support strand which is opposite the position in the synthesis strand which will be occupied by

the next nucleotide of the predefined sequence upon its incorporation in the next synthesis

cycle; in which position n-1 is the next nucleotide position in the support strand relative to

position n in the direction distal to the helper strand/proximal to the primer strand, and in 10 

which position n+1 is the next nucleotide position in the support strand relative to position n 

in the direction proximal to the helper strand/distal to the primer strand; and in which the 

support strand of the scaffold polynucleotide is cleaved between positions n and n-1 in steps 3 

and 7. 

6. A method according to Claim 2 or 3, in which in a given synthesis cycle the universal 15 

nucleotide occupies position n in: (a) the support strand of the scaffold polynucleotide in steps 

1 and 6, in which position n is the nucleotide position in the support strand which is opposite 

the position in the synthesis strand which will be occupied by the nucleotide of the predefined 

sequence upon its incorporation in that cycle, and (b) the support strand of the ligation 

polynucleotide in steps 4 and 8, in which position n is the nucleotide position in the support 20 

strand which is opposite the position in the synthesis strand which will be occupied by the 

next nucleotide of the predefined sequence upon its incorporation in the next synthesis cycle; 

in which position n-1 is the next nucleotide position in the support strand relative to the 

position occupied by the universal nucleotide in the direction distal to the helper 

strand/proximal to the primer strand, and in which position n-2 is the next nucleotide position 25 

in the support strand relative to position n-1 in the direction distal to the helper 

strand/proximal to the primer strand; and in which the support strand of the scaffold 

polynucleotide is cleaved between positions n-1 and n-2 in steps 3 and 7. 

7. A method according to Claim 3 or 4, in which:

a) in steps (1)/(6) the universal nucleotide in the support strand is positioned opposite30 

the terminal nucleotide of the helper strand adjacent the single-strand break and is paired

therewith (position n);
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b) in step (2)/(6) the first/next nucleotide is incorporated into the synthesis strand at a

position opposite the universal nucleotide in the support strand (position n), whereupon

the first/next nucleotide pairs with the universal nucleotide;

c) in step (3)/(7) the support strand is cleaved at a position between the universal

nucleotide position (position n) and the nucleotide next to the universal nucleotide5 

position in the support strand (position n-1, in the direction distal to the helper

strand/proximal to the primer strand), in which cleavage generates a single-nucleotide

overhang in the scaffold polynucleotide comprising the first/next nucleotide

overhanging the support strand; and

d) in step (4)/(8), the ligation end of the ligation polynucleotide comprises a single-10 

nucleotide overhang and in which:

i. the universal nucleotide in the support strand is positioned (position n)

opposite the terminal nucleotide of the helper strand and is paired therewith;

ii. the universal nucleotide is positioned next to the terminal nucleotide of the

support strand;15 

iii. the terminal nucleotide of the support strand (position n-1) overhangs the

terminal nucleotide of the helper strand and is the partner nucleotide for the

first/next nucleotide of step (2)/(6).

8. A method according to Claim 3 or 5, in which:

a) in step (1) the scaffold polynucleotide is provided in the support strand with a20 

nucleotide (position n) which is the partner nucleotide for the first nucleotide of step (2),

and the universal nucleotide in the support strand is positioned next to the partner

nucleotide (position n+1, in the direction proximal to the helper strand/distal to the

primer strand);

b) in step (2)/(6) the first/next nucleotide is incorporated into the synthesis strand at25 

the position opposite the partner nucleotide in the support strand (position n),

whereupon the first/next nucleotide pairs with the partner nucleotide;

c) in step (3)/(7) the support strand is cleaved at a position between the first

nucleotide (position n) and the second nucleotide (position n-1) from the universal

nucleotide in the support strand in the direction distal to the helper strand/proximal to30 
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the primer strand, in which cleavage removes the universal nucleotide and creates a 

single-nucleotide overhang in the scaffold polynucleotide comprising the first/next 

nucleotide overhanging the support strand; 

d) in step (4)/(8), the complementary ligation end of the ligation polynucleotide 

comprises a single-nucleotide overhang and in which: 5 

i. the universal nucleotide in the support strand is positioned opposite the 

penultimate nucleotide of the helper strand (position n+1) and is paired therewith; 

ii. the universal nucleotide is positioned next to the penultimate nucleotide of 

the support strand (position n); 

iii. the penultimate nucleotide of the support strand (position n) is paired with 10 

the terminal nucleotide of the helper strand and is a partner nucleotide for the next 

nucleotide in step (6) of the next synthesis cycle; and 

iv. the terminal nucleotide of the support strand (position n-1) overhangs the 

terminal nucleotide of the helper strand and is a partner nucleotide for the first 

nucleotide of step (2), or is a partner nucleotide for the newly-incorporated 15 

nucleotide of step (6) of the current synthesis cycle. 

9. A method according to Claim 3 or 6, in which: 

a) in steps (1)/(6) the universal nucleotide in the support strand of the scaffold 

polynucleotide is positioned opposite the terminal nucleotide of the helper strand 

adjacent the single-strand break and is paired therewith (position n); 20 

b) in step (2)/(6), the first/next nucleotide is incorporated into the synthesis strand at 

a position opposite the universal nucleotide in the support strand, whereupon the 

first/next nucleotide pairs with the universal nucleotide; 

c) in step (3)/(7) the support strand is cleaved at a position between the first 

nucleotide (position n-1) and the second nucleotide (position n-2) from the universal 25 

nucleotide in the support strand in the direction distal to the helper strand/proximal to 

the primer strand, in which cleavage removes the universal nucleotide and creates a 

double-nucleotide overhang in the scaffold polynucleotide comprising the first/next 

nucleotide overhanging the support strand; 
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d) in step (4)/(8) the complementary ligation end of the ligation polynucleotide

comprises a double-nucleotide overhang and in which:

i. the universal nucleotide in the support strand is positioned (position n)

opposite the terminal nucleotide of the helper strand and is paired therewith;

ii. the universal nucleotide is positioned next to the penultimate nucleotide of 5 

the support strand; and

iii. the penultimate nucleotide of the support strand (position n-1) overhangs the

terminal nucleotide of the helper strand and is the partner nucleotide for the

first/next nucleotide in step (2)/(6).

10. A method according to any preceding claim, in which a nucleotide which pairs with a 10 

first/next nucleotide of the predefined sequence is a nucleotide which is complementary with 

the first/next nucleotide, preferably naturally complementary. 

11. A method according to any of Claims 3 to 10, in which in step (1) and/or (6) the

synthesis strand is provided without a helper strand.

12. A method according to any of Claims 3 to 11, in which in any one or more cycles of 15 

synthesis, or in all cycles of synthesis, after the step of ligating the double-stranded ligation 

polynucleotide to the cleaved scaffold polynucleotide and before the step of incorporating the 

next nucleotide of the predefined nucleotide sequence into the synthesis strand of the scaffold 

polynucleotide, the helper strand portion of the synthesis strand is removed from the scaffold 

polynucleotide. 20 

13. A method according to any of Claims 1 to 4, 7 and 10 to 12, in which each cleavage step

comprises a first step comprising removing the universal nucleotide thus forming an abasic

site, and a second step comprising cleaving the support strand at the abasic site; optionally in

which the first step is performed with a nucleotide-excising enzyme, and/or in which the

second step is performed with an enzyme having abasic site lyase activity, optionally in which 25 

the enzyme having abasic site lyase activity is Endonuclease VIII. 

14. A method according to any of Claims 1 and 10 to 12, in which the cleavage step

comprises cleaving the support strand with an enzyme; optionally in which the enzyme

cleaves the support strand after the nucleotide which is next to the universal nucleotide,
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thereby creating the overhanging end in the synthesis strand comprising the first/next 

nucleotide, optionally in which the enzyme is Endonuclease V. 

15. A method according to Claim 3, in which in step (1) and/or (6):

a) the helper strand and the portion of the support strand hybridized thereto are

connected by a hairpin loop; and5 

b) the synthesis strand comprising the primer strand portion and the portion of the

support strand hybridized thereto are connected by a hairpin loop;

optionally in which at least one of the ligation polynucleotides is provided as a single 

molecule comprising a hairpin loop connecting the support strand and the helper strand 

at the end opposite the overhanging end; preferably in which the ligation 10 

polynucleotides of each synthesis cycle are provided as single molecules each 

comprising a hairpin loop connecting the support strand and the helper strand at the end 

opposite the overhanging end. 

16. A method according to any preceding claim, in which the synthesis strand comprising

the primer strand portion and the portion of the support strand hybridized thereto are tethered 15 

to a common surface, optionally via one or more covalent bonds, preferably in which the one 

or more covalent bonds is formed between a functional group on the common surface and a 

functional group on the scaffold molecule, in which the functional group on the scaffold 

molecule is an amine group, a thiol group, a thiophosphate group or a thioamide group; more 

preferably in which the functional group on the common surface is a bromoacetyl group, 20 

optionally in which the bromoacetyl group is provided on a polyacrylamide surface derived 

using N- (5- bromoacetamidylpentyl) acrylamide (BRAPA). 

17. A method according to any preceding claim, in which the step of removing the

reversible terminator group from a nucleotide of the predefined sequence is performed before

the cleavage step, or before the ligation step. 25 

18. A method according to any preceding claim, in which synthesis cycles are performed in

droplets within a microfluidic system, optionally in which the microfluidic system is an

electrowetting system, preferably in which the microfluidic system is an electrowetting-on-

dielectric system (EWOD).
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19. A method according to any preceding claim, in which following synthesis the strands of

the double-stranded polynucleotides are separated to provide a single-stranded polynucleotide

having a predefined sequence, or in which following synthesis the double-stranded

polynucleotide or a region thereof is amplified, preferably by PCR.

20. A method according to any preceding claim, in which the first polynucleotide and the5 

one or more additional polynucleotides are double-stranded polynucleotides and are cleaved to

create compatible termini and joined together by ligation, optionally in which the first

polynucleotide and the one or more additional polynucleotides are cleaved by a restriction

enzyme at a cleavage site.
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