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Abstract

SUMMARY

This document describes the procedure for performing RTPCR amplification for next-generation sequencing

(NGS) of whole genomes from SARS-CoV2 positive clinical samples. This methodology was employed at the

Respiratory Virus Unit, Microbiology Services Colindale, Public Health England (RVU-PHE) to sequence the first

SARS-CoV2 positive samples.

Reverse transcription (RT) is performed using random hexamer primers. PCR amplification is done using

sequence-specific primers which amplify two sets of 30-31 overlapping amplicons (size 1.0 to 1.8 kb), each set

independently covering the entire length of the MERS-CoV genome. Once amplicons are obtained, rough

equimolar mixtures, clean-up, DNA quantitation and final dilutions are performed to prepare samples for library

preparation for Illumina MiSeq next-generation sequencing (NGS). 

Primers from set A do not overlap location of primers from set B, except for those binding at the end of the

genome (see figure 1). Amplicon mixtures from each set are treated as separate samples throughout the

procedure, including assembly. Merging (or comparison) of consensus sequences of both sets is performed at

the end. 

IMPORTANT: Please note that every amplicon is obtained in a separate PCR reaction and, if using both primer

sets, there is a total of ~61 PCR reactions; this protocol is NOT a multiplex approach. We recommend using a 96-

well plate per sample.

ADVANTAGES AND LIMITATIONS

The use of both primer sets allows for redundancy in whole genome (WG) coverage, which increases the chances

of obtaining full genome sequences when samples have low viral load. Although we haven’t formally determined

the sensitivity of this assay (or limit of amplification of WG), we have obtained full coverage with samples with CT

values of up to 38 (CT value obtained at RVU-PHE with RdRp gene detection within the SARS-CoV2 detection

protocol as described by Corman et al. [1]). Variation in storage or transport conditions of samples may affect the

integrity of viral nucleic acids.

Another advantage of this protocol is that, as primers from set A and B match different locations on the genome,

direct comparison of the sequences obtained with each set allows for curation of primer-induced contamination

of the sequences, although we deal with this with a specific step on the bioinformatic assembly pipeline (not

described here).

Alternatively, when samples have a relatively good CT (<30) only set A may be used, simplifying the amplification

and library steps.

The main limitation of this protocol is its unsuitability for high throughput processing of large batches of samples,

although current efforts are being made to adapt the primers to a multiplex approach. 
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Materials

EQUIPMENT

PCR thermocycler for 96-well plates

Vortex

Pipettes with disposable filter tips

Ice bucket

Microcentrifuge and picofuge

Plate centrifuge

Mother E-base

96-well plates with adhesive seals

1.5ml and 0.2ml polypropylene tubes/strip tubes

Benchtop UV transilluminator (UVP)

Qubit Fluorometer (Life Technologies)

Qubit Assay Tubes (Life Technologies)

FrameStar FastPlate 96 (4titude)

Aluminum StarSeal (PCR) E2796-9792, StarLab

REAGENTS

SuperScript™ VILO™ cDNA Synthesis Kit (ThermoFisher, Invitrogen cat 11754050)

dNTP set 100mM (ThermoFisher, Invitrogen cat 10297018)

Oligonucleotide primers 100pmol/µl stocks (Eurofins) (see Appendix 3)

Platinum Taq DNA polymerase HiFi (ThermoFisher, Invitrogen cat 11304029)

Nuclease-free water (Severn Biotech)

1% or 2% E-gels 48-wells (invitrogen)

10x TBE buffer 

DNA 1Kb plus ladder (Invitrogen cat 10787018)

BlueJuice 10X Gel loading buffer (ThermoFisher, Invitrogen cat10816015)

Qubit dsDNA HS Assay Kit (ThermoFisher, Invitrogen Q32854)

QIAquick PCR purification kit (cat 28106)

Safety warnings

Sample inactivation in lysis buffer should be performed at BSL3
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1 A total amount of 140 µl of RNA (includes some excess) are needed to set up the

necessary volume of RT reactions. RNA should be kept on ice or stored at -80 °C   if

not immediately used. 

2 The RT reaction is as follows (Table 1):

RT mix  x 1 (µl) Bulk mix (x 14)

Water  4.0  56  

5X VILO  Reaction mix 4.0  56  

10X Superscript Enzyme mix  2.0  28  

RNA  10.0  140  

Final volume  20.0  280  

Table 1

3 To ensure uniform heat distribution, we aliquot this mix into 7 x 0.2 (strip) tubes.

Cycling program: 

25 °C 00:10:00

42 °C 01:00:00

85 °C 00:05:00

Hold at 4 °C

Keep cDNA on ice or store at -80 °C  if not immediately used. 

4 Combine primers according to Tables 1 and 2 (4.1) and dilute as follows to get a working

primer dilution of 5 pmol/µl
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Thaw both sets of primer mixes, briefly vortex them and spin down. Using a multichannel

pipette (volume 0.5 or 1 to 10 µl) load 4 µl of primer mixes to the corresponding wells of a

96-well PCR plate, according to Figure 2. Keep the PCR plate on a cooler. 

Note

Preparation of primer mix pairs (working dilution 5 pmol/µl)
Use different colours of strip tubes, e.g. yellow strip tubes for SET A and purple strip tubes
for SET B. Add 180 µl of water + 10µl of each Forward and Reverse primers at 100 pmol/
µl, according to Appendix 2. Vortex to mix. Store at -20°C.

4.1
The position of primers on the nCOV genome sequence has been based on the

sequence of strain hCoV-19/Wuhan/IVDC-HB-01/2019 (GISAID accession

EPI_ISL_402119). We gratefully acknowledge the authors (Wenjie Tan et al), originating

and submitting laboratory  (National Institute for Viral Disease Control and Prevention,

China CDC)  of this sequence from GISAID’s EpiCOV™ Database on which this protocol is

based. 
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1A ncov-
1F

ATTAAAGGTTTAT
ACCTTCCCAGGT
AAC

1 ncov-
1032R 

TCAAAAGGTG
TCTGCAATTC
AT

1032 1031

2A ncov-
15F     

CCTTCCCAGGTA
ACAAACCA

15 ncov-
1032R 

TCAAAAGGTG
TCTGCAATTC
AT

1032 1017

3A ncov-
693F   

TTGACTTAGGCG
ACGAGCTT

693 ncov-
2030R

CAGATGTGAA
CATCATAGCAT
CAA

2030 133
7

4A ncov-
1684F 

CGCCATTATTTT
GGCATCTT

168
4

ncov-
3019R 

TGAAGCCAAT
TTAAACTCAC
CA

3019 133
5

5A ncov-
2665F 

TGCCCTTGCACC
TAATATGAT

266
5

ncov-
4010R 

GGAACTTAGT
TTCTTCCAGA
GTTG

4010 134
5

6A ncov-
3686F 

CACGAAGTTCTA
CTTGCACCA

368
6

ncov-
5015R 

CAACTTGCGT
GTGGAGGTTA

5015 132
9

7A ncov-
4667F 

TCTCTCAAAGTG
CCAGCTACAG

466
7

ncov-
6037R

GCTTGCGTTT
GGATATGGTT

6037 137
0

8A ncov-
5687F 

TCAGCACCACCT
GCTCAGTA

568
7

ncov-
7021R 

AACACCTAAA
GCAGCGGTTG

7021 133
4

9A ncov-
6688F 

TGCTAAGCCTTT
TCTTAACAAAGT
T

668
8

ncov-
8027R

CTGCAACTTC
CGCACTATCA

8027 133
9

10
A

ncov-
7663F 

TGATGAAGTTGC
GAGAGACTTG

766
3

ncov-
9019R 

TTCAGCAGCC
AAAACACAAG

9019 135
6

11A ncov-
8700F 

TTGATGGTGGTG
TCACTCGT

870
0

ncov-
10033
R

AGAGGTTTGT
GGTGGTTGGT

1003
3

133
3

12A ncov-
9699F 

TCATTTGTATTTC
CACAAAGCA

969
9

ncov-
11071R

CAAAGACCAT
TGAGTACTCT
GGA

11071 137
2

13
A

ncov-
10696
F

TGGAGACAGGTG
GTTTCTCA

106
96

ncov-
12030
R

TGCATGGAAA
GCAAAACAGA

1203
0

133
4

14
A

ncov-
11668F

CCGCTACTTTAG
ACTGACTCTTGG

1166
8

ncov-
13050
R

GCAGGCACTT
CTGTTGCAT

1305
0

138
2

15A ncov-
12701F

CCTGTTGCACTA
CGACAGATG

1270
1

ncov-
14043
R

AATACCAGCAT
TTCGCATGG

1404
3

134
2
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16
A

ncov-
13663
F

CACACTTTCTCT
AACTACCAACAT
GAA

136
63

ncov-
15028
R

ATGCGAAAAG
TGCATCTTGA

1502
8

136
5

17A ncov-
14663
F

AAACTGTCAAAC
CCGGTAATTTT

146
63

ncov-
16023
R

AGACACGAAC
CGTTCAATCA

1602
3

136
0

18
A

ncov-
15686
F

TGCGTAAACATT
TCTCAATGATG

1568
6

ncov-
17038
R

TTGCAACATT
GCTAGAAAAC
TCA

1703
8

135
2

19
A

ncov-
16689
F

TGCTACTGTACG
TGAAGTGCTG

166
89

ncov-
18034
R

AAGTTGCCAC
ATTCCTACGT
G

1803
4

134
5

20
A

ncov-
17694
F

TGCAATTAACAG
GCCACAAA

1769
4

ncov-
19031
R

TCGTGAAGAA
CTGGGAATTT
G

1903
1

133
7

21A ncov-
18683
F

CATGCTTTTCCA
CTGCTTCA

186
83

ncov-
20043
R

AACACCATTA
CGGGCATTTC

2004
3

136
0

22
A

ncov-
19664
F

TTGATGGACAAC
AGGGTGAA

196
64

ncov-
21231
R

GTCCACCATG
CGAAGTGTC

2123
1

156
7

23
A

ncov-
20863
F

CATTTTGGTGCT
GGTTCTGA

208
63

ncov-
22226
R

CGAAAAACCC
TGAGGGAGAT

2222
6

136
3

24
A

ncov-
21896
F

TTCGAAGACCCA
GTCCCTAC

2189
6

ncov-
23214
R

CACCTGTGCC
TGTTAAACCA

2321
4

1318

25
A

ncov-
22883
F

TCTTGATTCTAA
GGTTGGTGGT

228
83

ncov-
24231
R

CACCAAAGGT
CCAACCAGAA

2423
1

134
8

26
A

ncov-
23850
F

TTAAACCGTGCT
TTAACTGGAATA

238
50

ncov-
25243
R

ATGGCAATCA
AGCCAGCTAT

2524
3

139
3

27
A

ncov-
24858
F

GGCACACACTGG
TTTGTAACAC

248
58

ncov-
26224
R

TGCTTACAAA
GGCACGCTAG
T

2622
4

136
6

28
A

ncov-
25886
F

TCTTCAATTGTC
ATTACTTCAGGT
G

258
86

ncov-
27227
R

CCTGAAAGTC
AACGAGATGA
AA

2722
7

1341

29
A

ncov-
26889
F

GCCACTCCATGG
CACTATTC

268
89

ncov-
28191
R

TTCATAGAAC
GAACAACGCA
CT

2819
1

130
2

30
A

ncov-
27876
F

TTGTCACGCCTA
AACGAACA

278
76

ncov-
29226
R

ACATTCCGAA
GAACGCTGAA

2922
6

135
0
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31
A

ncov-
28871
F

AGGCAGCAGTAG
GGGAACTT

288
71

ncov-
29848
R

AAAATCACAT
GGGGATAGCA

2984
8

977

Pri
me
r

pai
r

Forwar
d
primer

Sequence Posit
ion
of

5'en
d

Revers
e
primer

Sequence Posit
ion
of

5'en
d

Am
plic
on
size

1B ncov-
193F    

CTTACGGTTT
CGTCCGTGTT

193 ncov-
1541R  

GTGGAACCCAAT
AGGCACAC

1541 134
8

2B ncov-
1185F  

CGTCACCAAA
TGAATGCAAC

1185 ncov-
2495R

TTCTGTGGGAAG
TGTTTCTCC

2495 1310

3B ncov-
2193F  

GAGACGGTTG
GGAAATTGTT

2193 ncov-
3523R

TTCAACTTGCAT
GGCATTGT

3523 133
0

4B ncov-
3172F  

TCAACCTGAA
GAAGAGCAAG
AA

3172 ncov-
4525R

AGCACCATAATC
AACCACACC

4525 135
3

5B ncov-
4173F  

CTAAAAAGGC
TGGTGGCACT

4173 ncov-
5550R

AGGGTTGTCTGC
TGTTGTCC

5550 137
7

6B ncov-
5192F  

CTGGGTAGGT
ACATGTCAGC
A

5192 ncov-
6548R

GATCTGTGTGGC
CAACCTCT

6548 135
6

7B ncov-
6192F  

CACCCTCTTT
TAAGAAAGGA
GCTA

6192 ncov-
7537R 

TGTACATTCGAC
TCTTGTTGCTC

7537 134
5

8B ncov-
7194F  

CCATTTCATC
TTTTAAATGG
GATT

7194 ncov-
8554R

CCACCCTTAAGT
GCTATCTTTG

8554 136
0

9B ncov-
8179F  

GCAAGGGTTT
GTTGATTCAG
A

8179 ncov-
9506R

TAAAGGCAACTA
CATGACTGTATT
CAC

9506 132
7

10B ncov-
9169F 

CCTTGAAGGT
TCTGTTAGAG
TGG

9169 ncov-
10456
R

GAAATTGGGCCT
CATAGCAC

1045
6

128
7

11B ncov-
10080
F

CATCTGGTAA
AGTTGAGGGT
TGT

1008
0

ncov-
11533R

TCTGGCCAAAA
ACATGACAG

1153
3

145
3

Table 2. Set A: Primer sequences & combinations
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12B ncov-
11189F

CCTTCTCTTG
CCACTGTAGC
TT

11189 ncov-
12547
R

TGCTGATGCATA
AGTAAATGTTG

1254
7

135
8

13B ncov-
12163F

GGCTGTTGCT
AATGGTGATT
C

1216
3

ncov-
13547
R

TCAAAAGCCCT
GTATACGACA

1354
7

138
4

14
B

ncov-
13191F

CAGTTACACC
GGAAGCCAAT

13191 ncov-
14513R

TCCTGATTATGT
ACAACACCTAGC
TC

1451
3

132
2

15B ncov-
14183F

CCAGGGCTTT
AACTGCAGAG

1418
3

ncov-
15544
R

CCGTGACAGCTT
GACAAATG

1554
4

1361

16B ncov-
15167F

TGAAATCAATA
GCCGCCACT

1516
7

ncov-
16511R

AAACCAAAAAC
TTGTCCATTAGC

16511 134
4

17B ncov-
16176F

TTCAAGGTAT
TGGGAACCTG
A

1617
6

ncov-
17551R

CGAGGAACATGT
CTGGACCTA

1755
1

137
5

18B ncov-
17171F

CCGCTGTTGA
TGCACTATGT

17171 ncov-
18533
R

TTTATACGCACT
ACATTCCAAGG

1853
3

136
2

19B ncov-
18165F

ACCTGGCATA
CCTAAGGACA

1816
5

ncov-
19542
R

CATCATGTTATAA
GCATCGAGATAC
A

1954
2

137
7

20
B

ncov-
19191F

TTGGAATTGC
AATGTCGATA
G

19191 ncov-
20478
R

ACCTGTTTGCGC
ATCTGTTA

2047
8

128
7

21B ncov-
19966
F

TGTGCACCAC
TCACTGTCTT

1996
6

ncov-
21730
R

AAGAACAAGTCC
TGAGTTGAATG

2173
0

176
4

22
B

ncov-
21360
F

CAAATCCAAT
TCAGTTGTCT
TCC

2136
0

ncov-
22705
R

CCATAACACTTA
AAAGTGGAAAAT
GA

2270
5

134
5

23
B

ncov-
22363
F

TGGGTTATCT
TCAACCTAGG
ACTT

2236
3

ncov-
23713
R

TTTGTGGGTATG
GCAATAGAGTT

2371
3

135
0

24
B

ncov-
23384
F

GGTTGCTGTT
CTTTATCAGG
ATG

2338
4

ncov-
24735
R

GAGGTGCTGACT
GAGGGAAG

2473
5

1351

25
B

ncov-
24369
F

GACTCACTTT
CTTCCACAGC
AA

2436
9

ncov-
25712
R

AGAGAAAAGGG
GCTTCAAGG

2571
2

134
3

26
B

ncov-
25354
F

TGCTCAAAGG
AGTCAAATTA
CATTA

2535
4

ncov-
26734
R

AAACAGCAGCA
AGCACAAAA

2673
4

138
0
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27
B

ncov-
26361
F

TGTGTGCGTA
CTGCTGCAA

2636
1

ncov-
27712
R

TGCCGCAACAAT
AAGAAAAA

2771
2

1351

28
B

ncov-
27361F

TGAAGAGCAA
CCAATGGAGA

2736
1

ncov-
28719
R

GGGTGCCAATGT
GATCTTTT

2871
9

135
8

29
B

ncov-
28397
F

GCCCCAAGGT
TTACCCAATA

2839
7

ncov-
29734
R

GGTGAAAATGTG
GTGGCTCT

2973
4

133
7

30
B

ncov-
28397
F

GCCCCAAGGT
TTACCCAATA

2839
7

ncov-
29871
R

TGATTTTAATAG
CTTCTTAGGAGA
ATGAC

2987
1

147
4

Table 3. Set B: Primer sequences & combinations

5 Prepare a PCR mix following Table  4. Thaw and briefly vortex all the required reagents

except enzymes. Prepare a mix for ~70 samples (enough for both sets A and B).

PCR mix X  1 (µl) X  70

Water  35.8  2,506

10X High Fidelity Buffer
(Invitrogen)

5.0  350  

10 mM dNTPs mix
(Invitrogen) See Appendix 1

1.0  70  

50mM MgSO4
(Invitrogen)  

2.0  140  

Platinum Taq DNA
Polymerase 5 U/µl
(Invitrogen)

0.2  14  

Final volume 44.0  3,080

Note

Preparation of working dilution of dNTPs (100 mM dNTP Set, Invitrogen, cat 10297018)
Mix the four tubes of dNTPs in one bijou tube. Add 1.5 ml of water to reach concentration
of 10 mM (Final volume 2.5 ml). Aliquot in 2 ml tubes with screw cap.

Table 4
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6 Mix with a gentle vortex. Keep on ice. Dispense 44µl of the PCR mix into every well with

primers of rows A, B, C, E, F and G. 

7 Pull together all 7 cDNA strip tubes into one and load 4 µl of cDNA in each well. 

8 Cover the 96-well plate with an adhesive lid or strip caps. Spin briefly the plate.

9 Transfer the 96-well plate to a thermal cycler. 

Amplify using the following cycling conditions: 

95 °C 00:10:00

followed by 35 cycles of:

94 °C 00:00:30

52 °C 00:00:30

68 °C 00:05:00

Hold at 15 °C

10 Working in a post-PCR area 

Use 1% or 2% E-gels 48 wells (Invitrogen) for visualisation of the bands, following

manufacturer’s instructions. For each sample prepare 1x 96-well microtiter plate to mix

Loading buffer 

11 Prepare diluted Blue Juice loading buffer. Add 10 µl of diluted Blue Juice to every well of

rows A, B, C, E, F and G (mirroring the PCR plate) Use multichannel pipettes.

Note

Preparation of Blue Juice diluted 1/25 or 1/50
Mix 10 ml of buffer TBE with 400 µl (1/25) or 200 µl (1/50) µl of undiluted Blue Juice. 

12 Add  5 µl of sample from the PCR plate to the microtiter plate. Use multichannel pipettes.

13 Separately, prepare enough mixture of diluted Blue Juice (14µl diluted Blue Juice + 1µl of

1 Kb Plus Ladder) to add to wells marked with M. 
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14 Transfer 15 µl of samples and ladder dilutions into the E-gels. Load 15 µl of diluted Blue

Juice in empty wells (no wells should be empty). Run for 20 minutes and view under

shortwave U.V. 

Note

Alternative using multichannel pipette (tips will fit into every other well of 48 wells E-gels):
if two samples are run in parallel, load amplicons from sample A in odd wells, and
amplicons from sample 2 in even wells. Repeat the procedure with rows B to F. Load 15 µl
of the mixture of Blue Juice + Ladder into the wells marked with M at the beginning and
end of each gel row. In that way, amplicon 1 of sample A will run next to amplicon 1 of
sample B and similarly for each amplicon.

14.1 Some examples of gel pictures are shown here: 
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15 To prepare equimolar mixes, ideally PCR reactions should be first cleaned up using e.g.

silica columns or magnetic beads and then quantified, but the amount or PCR reactions

makes this very impractical, unless using automated methods. Instead, rough equimolar

mixes are prepared based on brightness of gel bands: 3 µl of a strong band, 5 µl of a
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normal band, and 10 µl of a weak or non-visible band. Mix the appropriate amount of

each amplicon from SET A in 

an Eppendorf tube (final volume 60 to 300µl). Do not include the negative control.

Repeat the procedure for SET B amplicons in a separate tube. 

16 Perform PCR product purification using QIAquick PCR purification kit columns, following

manufacturer’s instructions. Perform repeated additions and spins of the sample until all

of it has gone through the column. Elute the purified DNA in 50 µl of molecular grade

water. 

17 Run quantitation of DNA using the Qubit dsDNA HS reagent (Life Technologies) and the

Qubit fluorometer, according to manufacturer’s instructions.

18 Dilute the samples to the appropriate concentration for Illumina library preparation using

Nextera XT (not described here).
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