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Disclaimer

DISCLAIMER – FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,

or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have

undergone a formal approval of any kind. Information presented in this protocol should not substitute for

independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from

taking using or relying upon the information presented here is strictly at your own risk. You agree that

neither the Company nor any of the authors, contributors, administrators, or anyone else associated with 

protocols.io, can be held responsible for your use of the information contained in or linked to this protocol

or any of our Sites/Apps and Services.

Abstract

Rapid genomic surveillance of monkeypox virus (MPXV) can provide valuable insights in order to guide public

health interventions. Current sequencing protocols make use of direct Oxford Nanopore Sequencing. However,

the obtained depth is a limiting factor which prevents multiplexing samples on a flowcell making sequencing very

costly. Here, we provide the protocol for a PCR-based amplicon tiling approach (inspired by SARS-CoV-2 Midnight

Protocol by Nikki Freed et. al. and the ARTIC network) for MPXV consisting of a total of 88 primer sets divided

over 2 amplicon pools. The amplicon size is ~2,5kB. Our approach will increase the coverage (depth) significantly

and allow for multiplexing up to 20 samples on a single Nanopore flowcell. 

In our experience clinical samples can be successfully sequenced with CT-values <25. Homopolymer regions will

remain an issue in our approach, requiring manual curation of obtained consensus sequence genomes.
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Primer pool preparation

1 If required, resuspend lyophilised primers to a concentration of 100µM each

Note

Primers for this protocol were designed by Martin Schou Pedersen (Department of Clinical
Microbiology, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark)
using Primal Scheme to generate overlapping 2500bp amplicons. 

Primers are available as two pre-mixed pools from Monkeypox - MBS - Ultra Fast
NEXTGENPCR®

1.1 Primers used to generate 2500 bp amplicons are here:

name pool seq size %gc tm

monkeypox-
2500_1_LEFT

1 AAAAATGTGTGACC
CACGACCG

22 50 62,
07

monkeypox-
2500_1_RIGHT

1 CCGGGAACTTACGC
TTTCAGAT

22 50 60,
86

monkeypox-
2500_3_LEFT

1 GTTAACGATGCGCA
CAATCTCG

22 50 61,0
1

monkeypox-
2500_3_RIGHT

1 TAGTGAGAGCGAGA
GTGACAGT

22 50 60,
47

monkeypox-
2500_5_LEFT

1 AATAGTCTGTAGACC
TTTATCGTCGT

26 38,46 59,
9

monkeypox-
2500_5_RIGHT

1 ACTGCTAGAATCCG
GTTCAGATG

23 47,83 60,
43

monkeypox-
2500_7_LEFT

1 CACTGTAAGCATGT
CCGTACCA

22 50 60,
53

monkeypox-
2500_7_RIGHT

1 TGAGAACGAGCTCT
TCAAACACT

23 43,48 60,
43

monkeypox-
2500_9_LEFT

1 AGGCTATGTTTCGC
CCATCATC

22 50 60,
99

monkeypox-
2500_9_RIGHT

1 GTCCTTTACGATGA
GCTCAAATGT

24 41,67 59,
68
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monkeypox-
2500_11_LEFT

1 TGTCACTCCATAAC
TACCACGC

22 50 60,
27

monkeypox-
2500_11_RIGH
T

1 AGTTTCGTCGATAGT
ACTGTGTGT

24 41,67 60,1

monkeypox-
2500_13_LEFT

1 TCCTTATGAAGATGA
TGTTTGGCG

24 41,67 59,
74

monkeypox-
2500_13_RIGH
T

1 CCCTCCTGGAGAAC
GACAGTTA

22 54,55 61,3
3

monkeypox-
2500_15_LEFT

1 TGGAAGCGAATGAT
CCGGAAAA

22 45,45 60,
8

monkeypox-
2500_15_RIGH
T

1 TCCGTGGTTTCTAG
TGGGTGTA

22 50 60,
94

monkeypox-
2500_17_LEFT

1 ACCTTGGCTGTCTC
ATTCAATAGG

24 45,83 60,
95

monkeypox-
2500_17_RIGH
T

1 TGAATGGCTGTCGT
CAAAAGGT

22 45,45 60,
93

monkeypox-
2500_19_LEFT

1 AGGCTTCCAAAAAT
TTTTCATCCGT

25 36 60,
84

monkeypox-
2500_19_RIGH
T

1 ACGTCGCTGTAATA
GACAAGGC

22 50 60,
91

monkeypox-
2500_21_LEFT

1 CCCTAGGACGAACT
ACTGCCAT

22 54,55 61,4
6

monkeypox-
2500_21_RIGH
T

1 TTGTGCTGCTCTTAT
CGTCTGA

22 45,45 59,
95

monkeypox-
2500_23_LEFT

1 AAAAACCCTAGTAT
TCTTCCATCGC

25 40 59,
79

monkeypox-
2500_23_RIGH
T

1 AACGGTATGTTACG
GTTTGCCA

22 45,45 60,
99

monkeypox-
2500_25_LEFT

1 CTCGCCATTTCGAC
ATCTGGAT

22 50 60,
98

monkeypox-
2500_25_RIGH
T

1 CGGGACCAAATGTA
GTCAAGCT

22 50 60,
8

monkeypox-
2500_27_LEFT

1 ACGCGTTCACTATC
TCCAGAGA

22 50 61,1
2
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monkeypox-
2500_27_RIGH
T

1 TACGCACGCTTCTC
CTACCTTA

22 50 61,1
2

monkeypox-
2500_29_LEFT

1 TTGACTTTTTGGTC
CACTTTTCCA

24 37,5 59,
8

monkeypox-
2500_29_RIGH
T

1 ATATTCGTGACACTG
TGCAACG

22 45,45 59,
76

monkeypox-
2500_31_LEFT

1 TCCGGACATGATGG
TAAAGACC

22 50 60,
01

monkeypox-
2500_31_RIGH
T

1 AACGAATTCTGCGT
CTCGTTCA

22 45,45 61,0
4

monkeypox-
2500_33_LEFT

1 TAGGCTCACCGATG
ATCATTGG

22 50 60,1
4

monkeypox-
2500_33_RIGH
T

1 AACACAGCATCCAA
CTGAGCAT

22 45,45 61

monkeypox-
2500_35_LEFT

1 ACAGGGGCAATGTT
TACCACAA

22 45,45 60,
88

monkeypox-
2500_35_RIGH
T

1 CTAGACGCCACGGG
GTTTAAAA

22 50 61,0
5

monkeypox-
2500_37_LEFT

1 TTGTTTCGTCAACA
AGTTGGATGA

24 37,5 59,
92

monkeypox-
2500_37_RIGH
T

1 CGGATACCAGAGTG
ATAATTTCGGT

25 44 60,
89

monkeypox-
2500_39_LEFT

1 CCGCATTGGTGTTC
CGATCTTA

22 50 61,1
8

monkeypox-
2500_39_RIGH
T

1 TGAACCTGAGGCAT
GGAAAAGG

22 50 61

monkeypox-
2500_41_LEFT

1 CCACAGATTCCAAT
TATCAGTTGGC

25 44 60,
83

monkeypox-
2500_41_RIGH
T

1 AGACGACTCTCCAA
AGATAATTGGT

25 40 60,
2

monkeypox-
2500_43_LEFT

1 TGTACAGGTACCTC
CATCATTAGGA

25 44 60,
73
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monkeypox-
2500_43_RIGH
T

1 TTGGTTGTCGACTT
CCCAGTTG

22 50 61,1
8

monkeypox-
2500_45_LEFT

1 TCCTGAAAACGATG
ATGGCAATC

23 43,48 59,
87

monkeypox-
2500_45_RIGH
T

1 AACTCTTCGAAGTG
AGGATCGAT

23 43,48 59,
56

monkeypox-
2500_47_LEFT

1 CTCCCGGATCACGA
TTTTGTCT

22 50 60,
6

monkeypox-
2500_47_RIGH
T

1 GAACATATAGCGAC
GCCACCAA

22 50 61,2
3

monkeypox-
2500_49_LEFT

1 TTGCATCTACATCAT
CCGTGGA

22 45,45 59,
75

monkeypox-
2500_49_RIGH
T

1 AATGGAAGCCGTGG
TCAATAGC

22 50 61,4
5

monkeypox-
2500_51_LEFT

1 TCTCTGTAGTCGAC
GCTCTCAA

22 50 60,
79

monkeypox-
2500_51_RIGH
T

1 ACGGCCGGAAATAG
TTAAGAGAC

23 47,83 60,
68

monkeypox-
2500_53_LEFT

1 GTTGTATGGCATTG
CGCAGAAA

22 45,45 60,
85

monkeypox-
2500_53_RIGH
T

1 CAAGGATGGTGTTT
GTGTTGGC

22 50 60,
98

monkeypox-
2500_55_LEFT

1 CTGACAATGTACTG
GGCCATGT

22 50 60,
8

monkeypox-
2500_55_RIGH
T

1 ACATCATCGGAGGA
TAATACGCTAA

25 40 59,
96

monkeypox-
2500_57_LEFT

1 TTGGGAGAACTTAA
GCGGCAAG

22 50 61,3
1

monkeypox-
2500_57_RIGH
T

1 AAACGATAAGAGTG
GCCGCTTG

22 50 61,6
8

monkeypox-
2500_59_LEFT

1 AAGATTGCGGCTAA
TTGCTTCG

22 45,45 60,
4

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvj6155lk5/v1 July 12, 2022 6/21

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvj6155lk5/v1


monkeypox-
2500_59_RIGH
T

1 GAGGGAATTGACTC
GCGAAAGA

22 50 60,
85

monkeypox-
2500_61_LEFT

1 ACAGAACAATTAGA
GCGGCAGG

22 50 61,1
2

monkeypox-
2500_61_RIGH
T

1 ACACGATGCGACAA
TGTATAGACT

24 41,67 60,
52

monkeypox-
2500_63_LEFT

1 GACGATGATGATTG
ATCACTATTACACA

28 35,71 60,1
9

monkeypox-
2500_63_RIGH
T

1 AATCCATCCATTGC
CGTCTGAT

22 45,45 60,
34

monkeypox-
2500_65_LEFT

1 TCAATCCCAAACCC
AAAACCGT

22 45,45 61,1
4

monkeypox-
2500_65_RIGH
T

1 CCCAGTAAGCAACT
CCATAGCA

22 50 60,
28

monkeypox-
2500_67_LEFT

1 ACTTTCGAGGTTATT
GGTTGTGGA

24 41,67 60,
77

monkeypox-
2500_67_RIGH
T

1 GCATACGCTACTCC
AGAGAACG

22 54,55 61,0
3

monkeypox-
2500_69_LEFT

1 TGATGCACTAACGA
GAAAATTAGAAGG

27 37,04 60,
42

monkeypox-
2500_69_RIGH
T

1 ACTTAAACCACCAT
CAAAAATCCATGT

27 33,33 60,
7

monkeypox-
2500_71_LEFT

1 GGTGGAGTCGTTAA
AGGTGACA

22 50 60,
4

monkeypox-
2500_71_RIGH
T

1 TGCCTTGCATGTGA
TAAGACCT

22 45,45 60,
21

monkeypox-
2500_73_LEFT

1 ATTGGATTCACGGT
GGGTCATG

22 50 61,1
3

monkeypox-
2500_73_RIGH
T

1 TCACAGACAGCATT
TGGATCCA

22 45,45 60,1
4

monkeypox-
2500_75_LEFT

1 ATTCGATCGTCATG
GGCATAGT

22 45,45 59,
88

protocols.io | https://dx.doi.org/10.17504/protocols.io.n2bvj6155lk5/v1 July 12, 2022 7/21

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.n2bvj6155lk5/v1


monkeypox-
2500_75_RIGH
T

1 TGTATCTGAATCCAT
GTTAGTAGTAAGCA

29 34,48 60,
78

monkeypox-
2500_77_LEFT

1 GTTGGGACTGACAG
ATGTGTTCT

23 47,83 60,
75

monkeypox-
2500_77_RIGH
T

1 TGTATCGCATTCCA
CCCTTTCC

22 50 60,
86

monkeypox-
2500_79_LEFT

1 GATAGATCAGTGGG
TGTCCATGAT

24 45,83 60,
04

monkeypox-
2500_79_RIGH
T

1 GTGTTGGGTACGAC
CGCTTATA

22 50 60,
34

monkeypox-
2500_81_LEFT

1 CACCTGATGGTCTG
GACATACC

22 54,55 60,
34

monkeypox-
2500_81_RIGH
T

1 ACTACGTCCTTTTG
CCATTGCA

22 45,45 61,2
6

monkeypox-
2500_83_LEFT

1 CCACATTGGCTAGA
GGAATGCC

22 54,55 61,5
1

monkeypox-
2500_83_RIGH
T

1 TGATAAGCGACGCC
ATTCATGT

22 45,45 60,
92

monkeypox-
2500_85_LEFT

1 ACTAAATCTCCTTC
ATGCTCTCTCAC

26 42,31 60,
85

monkeypox-
2500_85_RIGH
T

1 ACCTGCTCGGTTAC
TTCTGTGT

22 50 61,7
9

monkeypox-
2500_87_LEFT

1 CCAAGCTAAGCGAC
TACCATCT

22 50 60,
08

monkeypox-
2500_87_RIGH
T

1 TGATGCAATTGTCT
GACAACCTAGA

25 40 60,
9

name pool seq size %gc tm

Primers for Pool 1
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monkeypox-
2500_2_LEFT

2 TGTTCTACACCCTG
ATGCTCCT

22 50 61,0
1

monkeypox-
2500_2_RIGHT

2 TCCACCCACCTTTC
TTGAAATGA

23 43,48 60,
38

monkeypox-
2500_4_LEFT

2 GTAGCAGTAGTTGG
TGCATGGT

22 50 60,
8

monkeypox-
2500_4_RIGHT

2 TGTGTCCTCTCCTC
TTATAACATCG

25 44 60,
08

monkeypox-
2500_6_LEFT

2 AGCGTTGACTTATG
GACTCTGG

22 50 60,
27

monkeypox-
2500_6_RIGHT

2 TACCTATCCAACGA
CAGGCACT

22 50 61,0
7

monkeypox-
2500_8_LEFT

2 TTGCGGACATGTTA
CACTCCTT

22 45,45 60,
41

monkeypox-
2500_8_RIGHT

2 ACTATGGATCCCCA
CCACTTGA

22 50 60,
75

monkeypox-
2500_10_LEFT

2 TCGCCGTCATTTCT
CCAAAGAA

22 45,45 60,
73

monkeypox-
2500_10_RIGH
T

2 TCTGTTGTTTACCA
CTCAGCGG

22 50 60,
99

monkeypox-
2500_12_LEFT

2 GGAACCGTTTTCGT
ACCGTACT

22 50 60,
78

monkeypox-
2500_12_RIGH
T

2 AGTCAGGTCTTGAA
GGCTACCA

22 50 60,
95

monkeypox-
2500_14_LEFT

2 TGATCCAAACCCTT
GATCTCCTC

23 47,83 60,
06

monkeypox-
2500_14_RIGH
T

2 ACGGATTTCAGATG
GCCATTGA

22 45,45 60,
54

monkeypox-
2500_16_LEFT

2 GGCTGCTCCTGTTC
TTGTAGTC

22 54,55 61,1
1

monkeypox-
2500_16_RIGH
T

2 GATAACGCCAAAAT
CGCTGCTC

22 50 61,0
3

monkeypox-
2500_18_LEFT

2 AAATTCGCGCCCAC
AATTCATC

22 45,45 60,
91

monkeypox-
2500_18_RIGH
T

2 TCGCCGTTTCATTT
TCAACAGC

22 45,45 61,0
3
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monkeypox-
2500_20_LEFT

2 AGAAATGCCAAATC
TATAAGAAAAGTCC
T

29 31,03 60,
27

monkeypox-
2500_20_RIGH
T

2 CCTTTATCAACAAG
GAAAGCGTGT

24 41,67 60,
34

monkeypox-
2500_22_LEFT

2 TCGTATTGTGGTTAT
ATGGCTACAATT

27 33,33 59,
56

monkeypox-
2500_22_RIGH
T

2 TGAATTGTTGCAAC
GGTTTCCA

22 40,91 60,
01

monkeypox-
2500_24_LEFT

2 TCAGTCGTTCTAAC
TCCTTTGCT

23 43,48 59,
93

monkeypox-
2500_24_RIGH
T

2 CACGCTTCTATGTT
GCCGTCTA

22 50 60,
91

monkeypox-
2500_26_LEFT

2 AGACAGAATATCGT
GAACAGGTGG

24 45,83 60,
7

monkeypox-
2500_26_RIGH
T

2 TGTTTCGACTGGAG
AATCATCCA

23 43,48 59,
99

monkeypox-
2500_28_LEFT

2 TAACTCCAGGCCGT
TTGTTTCC

22 50 61,2
5

monkeypox-
2500_28_RIGH
T

2 TTGTGTACCAGAAC
TCCACCTAAA

24 41,67 59,
92

monkeypox-
2500_30_LEFT

2 CTGCCACGTTAGAG
GATGACAG

22 54,55 60,
92

monkeypox-
2500_30_RIGH
T

2 ACTAACGTTTCTTA
GCGGAGGC

22 50 60,
85

monkeypox-
2500_32_LEFT

2 CAAGACGTTAGAGA
CAAGAGACGT

24 45,83 60,
63

monkeypox-
2500_32_RIGH
T

2 CAACGCCACAGATT
TCTGGAGA

22 50 61,0
5

monkeypox-
2500_34_LEFT

2 GCTATTTAAATGGGT
GCCGCAG

22 50 60,
72

monkeypox-
2500_34_RIGH
T

2 GGTGATGATCCTTG
ACGGAAGA

22 50 60,
01
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monkeypox-
2500_36_LEFT

2 GGCCGCCATCATGA
TCCTATTC

22 54,55 61,4
4

monkeypox-
2500_36_RIGH
T

2 TTACCGCCTTCTGG
ATAACCTG

22 50 60,
01

monkeypox-
2500_38_LEFT

2 AGGTGGTGGAACTC
CTATTGGA

22 50 60,
68

monkeypox-
2500_38_RIGH
T

2 CACCGCTTCGAAAC
CATGAAAC

22 50 61,0
9

monkeypox-
2500_40_LEFT

2 TCACGTCAGCGGCA
TCTAAATT

22 45,45 60,
86

monkeypox-
2500_40_RIGH
T

2 TTCATGTGAAACTT
TGTCCTTTCCT

25 36 59,
73

monkeypox-
2500_42_LEFT

2 AGCCCGTAAATGCA
ATCAGTGA

22 45,45 60,
8

monkeypox-
2500_42_RIGH
T

2 GCCGTTAAACCAAG
CGAATACA

22 45,45 60,
02

monkeypox-
2500_44_LEFT

2 ACGTGTACTGTATCG
ACCGGAT

22 50 61,1
8

monkeypox-
2500_44_RIGH
T

2 ACGGGTTCAGAAAT
ATCGACGT

22 45,45 60,
01

monkeypox-
2500_46_LEFT

2 CCAAGATCAAAAGA
CACGCACG

22 50 60,
84

monkeypox-
2500_46_RIGH
T

2 TTGATGATGTGGAA
GGGTCTGC

22 50 60,
8

monkeypox-
2500_48_LEFT

2 AGATGGGCCCGTTC
TCTGAATA

22 50 61,1
5

monkeypox-
2500_48_RIGH
T

2 TGTAGCTGTTGTAGA
CATAACGGTA

25 40 59,
97

monkeypox-
2500_50_LEFT

2 GCTACTTCGTCGAT
GGAAACCA

22 50 60,
85

monkeypox-
2500_50_RIGH
T

2 TCCTTAAATCTGGT
GCCGTTGT

22 45,45 60,
41

monkeypox-
2500_52_LEFT

2 AACCAAAAAGTCAC
ACGCTCCA

22 45,45 61,3
8
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monkeypox-
2500_52_RIGH
T

2 TTCTATGCAGGATCT
CCCGAAG

22 50 59,
55

monkeypox-
2500_54_LEFT

2 GAGAACATAATGCC
GCCGTAGT

22 50 60,
98

monkeypox-
2500_54_RIGH
T

2 TGACGTACATCCAG
GAGAACCT

22 50 60,
74

monkeypox-
2500_56_LEFT

2 CACACACGGCAGAA
AAACCATC

22 50 61,0
3

monkeypox-
2500_56_RIGH
T

2 GTTCCGTTCCCATC
ATAGTCGT

22 50 60,
34

monkeypox-
2500_58_LEFT

2 GAAACGGAATCGGT
AGATCGTCT

23 47,83 60,
49

monkeypox-
2500_58_RIGH
T

2 CATAGCGTCTCCGG
ATTCCAAG

22 54,55 61,0
4

monkeypox-
2500_60_LEFT

2 ACTCGACGAGCTCA
CGTTTAAG

22 50 60,
84

monkeypox-
2500_60_RIGH
T

2 GTTCGACGATTAAC
GGAGAGCA

22 50 60,
91

monkeypox-
2500_62_LEFT

2 GCTTCGCGTTTAGT
CTCTGGAT

22 50 60,
91

monkeypox-
2500_62_RIGH
T

2 TCGATGCCTGTAAA
GGGGAAAC

22 50 60,
8

monkeypox-
2500_64_LEFT

2 ACCATCATCATAGCA
TGCGACT

22 45,45 60,1
4

monkeypox-
2500_64_RIGH
T

2 GTGTTTGGTTGCGT
TATTGCCA

22 45,45 60,
98

monkeypox-
2500_66_LEFT

2 TAATAAGTTCGAGG
ATGCCGCC

22 50 60,
73

monkeypox-
2500_66_RIGH
T

2 TTTTCCATGGACTT
GTTCAACGT

23 39,13 59,
56

monkeypox-
2500_68_LEFT

2 ATGTCTCGTGGGGC
ATTAATCG

22 50 60,
99
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monkeypox-
2500_68_RIGH
T

2 ACCGGATTCATCGT
CGTAACAA

22 45,45 60,
27

monkeypox-
2500_70_LEFT

2 AGACTAGTGTATGTG
GAAATGTCATAGA

28 35,71 60,
24

monkeypox-
2500_70_RIGH
T

2 TCGGATTATAGCTAA
GGACTAGATTCG

27 40,74 60,
21

monkeypox-
2500_72_LEFT

2 GCAAAAATCAATGG
GTCGTTGGAC

24 45,83 61,9
3

monkeypox-
2500_72_RIGH
T

2 GTGACACCCATTCA
TCTGGAGA

22 50 59,
95

monkeypox-
2500_74_LEFT

2 TCCTTTTAGTGCTC
GACAGTGT

22 45,45 59,
82

monkeypox-
2500_74_RIGH
T

2 ACATTGTTTGCCAC
GTCTTGAT

22 40,91 59,
56

monkeypox-
2500_76_LEFT

2 TCTTCCGATATCTAC
AAGGATATTCCA

27 37,04 59,
61

monkeypox-
2500_76_RIGH
T

2 ACGGATGATCTGCA
CAGAACTC

22 50 60,
6

monkeypox-
2500_78_LEFT

2 CTCATGTTCTTGTGT
AATCGCAGT

24 41,67 59,
92

monkeypox-
2500_78_RIGH
T

2 TGTTCTGCGTCATC
TACATCTGA

23 43,48 59,
81

monkeypox-
2500_80_LEFT

2 AGCGAGAGATCTAG
CAACTAGAGT

24 45,83 60,
77

monkeypox-
2500_80_RIGH
T

2 TCGAGTCATTTTAC
GCACGGTT

22 45,45 61,0
4

monkeypox-
2500_82_LEFT

2 GCTCAATCTGCCAG
GATCAAGT

22 50 60,
87

monkeypox-
2500_82_RIGH
T

2 TCAATGGAGCAGGA
AAATGGGT

22 45,45 60,
41

monkeypox-
2500_84_LEFT

2 GACCTCACAACACA
GTGCAAGA

22 50 61,1
8
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monkeypox-
2500_84_RIGH
T

2 CCAGCTAACATAAG
AGCCAATCTCA

25 44 61,0
7

monkeypox-
2500_86_LEFT

2 AAAACCATGATGTG
ATAAAGCTCTGT

26 34,62 60,
01

monkeypox-
2500_86_RIGH
T

2 CCATTGGATGGTGC
ATGTGGT

21 52,38 61,3
4

monkeypox-
2500_88_LEFT

2 CCGGGAACTTACGC
TTTCAGAT

22 50 60,
86

monkeypox-
2500_88_RIGH
T

2 AAAAATGTGTGACC
CACGACCG

22 50 62,
07

Primers pool 2

2 If you have ordered each primer independently and need to generate primer pool stocks:

add  5 µL   of each primer from Pool 1 to a 1.5 mL  Eppendorf labeled “Pool 1

(100µM)” and each primer from Pool 2 to a 1.5 mL   Eppendorf labelled  “Pool 2

(100µM)”. These are your 100µM stocks of each primer pool.

Note

Primers should be diluted and pooled in the mastermix cabinet which should be cleaned
with decontamination wipes and UV sterilised before and after use.

Multiplex PCR 42m

3 In the mastermix hood set up the multiplex PCR mastermix as follows in an 1.5 mL

Eppendorf PCR tube:

Components                  volume (pool 1)        Volume (pool 2)

Nuclease Free Water                                                3.94 µL 3.94 µL

Primer Pool 1  (100µM)                                           1.06 µL

Primer Pool 2  (100µM)                                                                                    1.06 µL
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NextGenPCR™ Arctic Fox HF Chemistry-2x          10 µL 10 µL

Total 15 µL 15 µL

4 Add 5 µL  of each DNA sample to the NextGenPCR microplate containing 15 µL

Pool 1.  Mix well by pipetting

Add 5 µL  of each DNA sample to the NextGenPCR microplate containing 15 µL

Pool 2.  Mix well by pipetting

Note

The extraction and sample addition cabinet should be cleaned with decontamination
wipes and UV sterilized before and after use.

5 Set-up the following program on the NextGenPCR™ Instrument #10001, (Molecular

Biology Systems B.V., The Netherlands):

Step                                        Temperature     Time    Cycles

Heat Activation                         98 °C 00:01:00     1

Denaturation                             98 °C 00:00:10    35 

Annealing and Extension        65 °C 00:01:00    35

Total PCR time is 42 minutes

Pooling

6 Label a 0.2 mL  PCR tube for each sample and combine the two pools from the

individual PCR reaction as follows:

Component Volume

42m
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Pool 1 PCR reaction        10 µL

Pool 2 PCR reaction        10 µL

Total                                  20 µL

individual sample Bead cleaning (Optional)

7 Ampure XP Bead Cleanup. Add a total of 30 µL   of beads to 20 µL   of pooled

samples.

7.1 Vortex or resuspend beads thoroughly to ensure they are well resuspended, the solution

should be a homogenous brown colour.

7.2 Incubate for 5 minutes at room temperature

7.3 Place on magnetic rack and incubate for 00:02:00  or until the beads have pelleted

and the supernatant is completely clear.

7.4 Carefully remove and discard the supernatant, being careful not to touch the bead pellet.

7.5 Add 150 µL   of freshly prepared room-temperature 80 % volume   volume

ethanol to the pellet.

7.6 Keeping the magnetic rack on the benchtop, rotate the bead-containing tube by 180°.

Wait for the beads to migrate towards the magnet and re-form a pellet. Remove the

ethanol using a pipette and discard.  

7.7 Repeat step 7.5 and 7.6

7.8 Pulse centrifuge to collect all liquid at the bottom of the tube and carefully remove as

much residual ethanol as possible using a P10 pipette

7.9 With the tube lid open incubate for 00:01:00  or until the pellet loses it's shine ( if

the pellet dries completely it will crack and become difficult to resuspend)

2m

1m
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7.10 Remove the tube from the magnetic rack. Resuspend Pellet in 20 µL  Nuclease free

water mix gently by flicking and incubate at room temperature for 00:02:00

7.11 Place on magnet for beads to collect on the magnetic side of the holder and the

supernatant to become clear and then transfer 18 µL  sample to a clean 96 wells

Microplate ensuring no beads are transferred into this tube.

Quantification

8 Prepare a mastermix of Qubit™ working solution for the required number of samples and

standards. The Qubit dsDNA kit requires 2 standards for calibration.

8.1

Per sample: 

Qubit® dsDNA HS Reagent 1 µL  µL

Qubit® dsDNA HS Buffer     199 µL µL

8.2 Aliquot Qubit™ working solution to each tube: 

standard tubes requires 190µL of Qubit™ working solution

sample tubes require anywhere from  180 µL  to 199 µL (depending how

much sample you wish to add)

The final volume in each tube must be 200µL once sample/standard has been added. 

8.3 Add 10µL of standard to the appropriate tube. 

8.4 Add 1–20µL of each user sample to the appropriate tube.

8.5 Mix each tube vigorously by vortexing for 3–5 seconds.

2m
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8.6 Allow all tubes to incubate at room temperature for 2 minutes, then proceed to “Read

standards and samples”.

8.7 On the Home screen of the Qubit™ 3 Fluorometer, press DNA, then select 1X dsDNA HS

as the assay type. The Read standards screen is displayed. Press Read Standards to

proceed.

8.8 Insert the tube containing Standard #1 into the sample chamber, close the lid, then press

Read standard. When the reading is complete (~3 seconds), remove Standard #1.

8.9 Insert the tube containing Standard #2 into the sample chamber, close the lid, then press

Read standard. When the reading is complete, remove Standard #2.

8.10 The instrument displays the results on the Read standard screen. For information on

interpreting the calibration results, refer to the Qubit™ Fluorometer User Guide, available

for download at thermofisher.com/qubit.

8.11 Press Run samples.

8.12 On the assay screen, select the sample volume and units:

Press the + or – buttons on the wheel, or anywhere on the wheel itself, to select the

sample volume added to the assay tube (from 1–20µL).

From the unit dropdown menu, select the units for the output sample concentration (in

this case choose ng/µL).

8.13 Insert a sample tube into the sample chamber, close the lid, then press Read tube. When

the reading is complete (~3 seconds), remove the sample tube.

8.14 The top value (in large font) is the concentration of the original sample and the bottom

value is the dilution concentration. For information on interpreting the sample results,

refer to the Qubit™ Fluorometer User Guide.

8.15 Carefully record all results and store run file from the Qubit on a memory stick.
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8.16 All negative controls should ideally be ‘too low’ to read on the Qubit machine, but MUST

be < 1ng per ul. If your negative controls >1ng per ul, considerable contamination has

occurred and you must redo previous steps.

Normalisation

9 Adjust the amount of DNA in the tube to be 100 ng total per sample in 7.5 µL molecular

grade water. For example if your PCR reaction is at 100ng/ul, add 1ul of the PCR reaction

to 6.5ul of molecular grade water. Input to the Rapid Barcoding kit will vary depending on

the amplicon length but we have determined 50-200 ng works for efficient barcoding of

this amplicon length. If there is under 100ng or you do not know the concentration,

simply use all 7.5 µL of the pooled PCR reaction. Use the full 7.5 µLof the negative

control, even if there is no detectable DNA in the PCR reaction. 

Rapid barcoding 9m 30s

10 Add 7.5 µL  of each diluted PCR reaction to the labeled PCR tube. 

Set up the following reaction from each sample:

Component Volume

DNA amplicons                                  7.5 µL

Fragmentation Mix RB01-12            2.5 µL

Total                                                     10 µL

10.1 Mix gently by flicking the tube, and spin down.

10.2 Incubate the reaction in a PCR machine:

30 °C  for 00:01:00

80 °C  for 00:01:00

4 °C    for 00:00:30

10.3 Pool all barcoded samples, noting the total volume

11 Bead Cleanup. Use a 1:1 ratio of sample to beads.

2m 30s
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11.1 Vortex SPRI beads thoroughly to ensure they are well resuspended, the solution should

be a homogenous brown colour.

11.2 Add an equal volume (1:1) of SPRI beads to the sample tube and mix gently by either

flicking or pipetting. For example add 50 µL   room temperature SPRI beads to a  

50 µL  reaction.

11.3 Pulse centrifuge to collect all liquid at the bottom of the tube.

11.4 Incubate for 00:05:00    at room temperature.

11.5 Place on magnetic rack and incubate for 00:02:00  or until the beads have pelleted

and the supernatant is completely clear.

11.6 Carefully remove and discard the supernatant, being careful not to touch the bead pellet.

11.7 Add 200 µL   of freshly prepared room-temperature 80 % volume   volume

ethanol to the pellet.

11.8 Keeping the magnetic rack on the benchtop, rotate the bead-containing tube by 180°.

Wait for the beads to migrate towards the magnet and re-form a pellet. Remove the

ethanol using a pipette and discard.  

11.9 And repeat ethanol wash (steps 11.7-11.8)

11.10 Pulse centrifuge to collect all liquid at the bottom of the tube and carefully remove as

much residual ethanol as possible using a P10 pipette

11.11 With the tube lid open incubate for 00:01:00  or until the pellet loses it's shine ( if

the pellet dries completely it will crack and become difficult to resuspend)

11.12 Remove the tube from the magnetic rack. Resuspend Pellet in 10 µL  10 mM Tris-HCl

pH 8.0 with 50 mM NaCl, mix gently by flicking and incubate at room temperature for 

00:02:00

5m

2m

1m

2m
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11.13 Place on magnet and transfer sample to a clean 1.5 mL  Eppendorf tube ensuring no

beads are transferred into this tube.

11.14 Add 1 µL   of RAP (from the SQK-RBK110.96 kit) to 10 µL  cleaned, barcoded

DNA, mix gently by flicking the tube, and spin down.

11.15 Incubate the reaction for 00:05:00  at room temperature.

11.16 The prepared library is used for loading into the MinION flow cell according to Oxford

Nanopore Rapid Barcoding (SQK-RBK110.96) protocol. Please refer to the Oxford

Nanopore Rapid Barcoding SQK-RBK110.96 protocol at this stage. Store the library on ice

until ready to load.

MinION sequencing

12 Start the sequencing run using MinKNOW.

5m
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