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Extended Data Fig. 1 | Chest radiographs of the patient. a–d, Computed-
tomography scans of the chest were obtained on the day of admission (day 6 
after the onset of disease). Bilateral focal consolidation, lobar consolidation 

and patchy consolidation were clearly observed, especially in the lower lung.  
e, A chest radiograph was obtained on day 5 after admission (day 11 after the 
onset of disease). Bilateral diffuse patchy and fuzzy shadows were observed.
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Extended Data Fig. 5 | Maximum likelihood phylogenetic trees of the 
nucleotide sequences of the whole genome, and S and N genes of WHCV and 
related coronaviruses. Numbers (>70) above or below the branches indicate 

percentage bootstrap values. The trees were mid-point rooted for clarity only. 
The scale bar represents the number of substitutions per site.





11 Marzo 2020
WHO dichiara SARS-CoV-2 pandemia



16 Marzo 2020



Workflow diagnostico



Whole genome sequencing
Shotgun metagenomic approach



«Universal» protocol

SISPA
Sequence-Independent Single-Primer Amplification



RT using special primers

Random FR26RV-N
5’ GCC GGA GCT CTG CAG ATA TCN NNN NN 3’

FR40RV-T
5’ GCC GGA GCT CTG CAG ATA TC TTT TTT TTT TTT TTT TTT TT 3’

Virus specific primer (es. BTV)
5’ GCC GGA GCT CTG CAG ATA TC C TAA ACN 3’



SISPA

Primer FR20RV 
5’ GCC GGA GCT CTG CAG ATA TC 3’



SISPA Sequencing Workflow
3 working days

70 euros per sample

RNA 
extraction

Host DNA 
digestion

SISPA protocol Quality & 
Quantity Check

Library 
preparation

Sequencing

RT
Klenow

PCR

6-7 h
5 h 14 h

Reads 150 bp
Paired-end



Sispa results
Campione Ct SARS-CoV-2 TOTAL_RAW 

READS
Q30_RAW READS V COV H COV

1 23 1.154.510 96,11 1,6 26,51%

2 23 922.546 95,71 13,5 91,99%

3 21 1.131.222 96,37 5,3 73,98%

4 19 993.018 94,78 555,9 99,95%

5 17 1.061.604 96,68 570,2 99,97%

6 16 1.483.578 97,07 2.875,1 99,87%

7 16 754.600 92,95 233,3 98,59%

Quantità di virus nel campione
Integrità dell’RNA virale



• Arricchimento
• Preparativa RNA con primers specifici disegnati ad hoc
• Ampliseq



Confronto fra strategie di sequenziamento

12 campioni 
Ct 16-25

12 campioni
Ct 19-34

SISPA

7 campioni
my Baits

SARS-CoV-2

ARTICARTIC Swift Amplicon®
SARS-CoV-2

Panel kit 



myBaits
Expert Virus-SARS-CoV-2



SISPA vs myBaits enrichment

NRG Ct SARS-CoV-2 Metodo VCOV HCOV
21400.1.2 25 SISPA 1,6 29,87%

myBaits 332,6 99,86%
21400.1.3 25 SISPA 1,5 28,16%

myBaits 522,6 99,87%
21400.1.4 25 SISPA 10,7 88,97%

myBaits 3740,3 100,00%
21400.1.5 23 SISPA 5,5 69,61%

myBaits 1998,2 99,87%
21400.1.6 22 SISPA 13,8 89,05%

myBaits 4036,0 100,00%
21400.1.8 23 SISPA 1,6 26,51%

myBaits 252,6 99,83%
21400.1.9 23 SISPA 13,5 91,99%

myBaits 4485,1 99,88%



SISPA+myBaits Sequencing Workflow
4 working days

130 euro per sample 

RNA 
extraction

Host DNA 
digestion

SISPA protocol Quality & 
Quantity Check

Library 
preparation

Sequencing

RT
Klenow

PCR

6-7 h
5 h 14 h

Reads 150 bp
Paired-end

16 h



ARTIC Protocol



Targeted protocol

RNA

NNNNNN

NNNNNN
NNNNNNNNNNNN

NNNNNN

NNNNNN

NNNNNN

NNNNNN

NNNNNN

NNNNNNNNNNNN NNNNNN

NNNNNN

NNNNNN

5’ 3’

RT con random esameri

cDNA cDNA

cDNA cDNA

cDNA

cDNA

cDNA

PCR con primers SARS-CoV-2 specifici



ARTIC Sequencing Workflow
3 working days

65 euros pr sample 

RNA 
extraction

ARTIC protocol Quantity Check Library 
preparation Sequencing

4 h
5 h 14 h

Reads 150 bp
Paired-end

RT random
PCR SARS-CoV-2 

primers



NRG Ct SARS-CoV-2 Metodo VCOV HCOV

21400.1.2 25 myBaits 332,6 99,86%

ARTIC 1546,9 99,18%

21400.1.3 25 myBaits 522,6 99,87%

ARTIC 526,3 99,32%

21400.1.4 25 myBaits 3740,3 100,00%

ARTIC 2425,3 99,99%

21400.1.5 23 myBaits 1998,2 99,87%

ARTIC 1442,9 99,93%

21400.1.6 22 myBaits 4036,0 100,00%

ARTIC 1470,1 99,97%

21400.1.8 23 myBaits 252,6 99,83%

ARTIC 686,3 98,67%

21400.1.9 23 myBaits 4485,1 99,88%

ARTIC 1208,4 99,92%

NRG Ct SARS-CoV-2 Metodo VCOV HCOV

21400.1.7 19 SISPA 555,9 99,95%

ARTIC 4133,5 99,98%

21400.1.10 16 SISPA 2875,1 99,87%

ARTIC 4361,4 100,00%

21400.1.11 17 SISPA 570,2 99,97%

ARTIC 3201,7 100,00%

21400.1.12 16 SISPA 233,3 98,59%

ARTIC 1439,1 99,91%

21400.1.13 21 SISPA 5,3 73,98%

ARTIC 2245,5 99,93%



Metodo 241 C 3037 C 14408 C 23404 A 28881
SISPA AAC
myBaits T T T G AAC
ARTIC T T T G AAC
SISPA
myBaits T T T G AAC
ARTIC T T T G AAC
SISPA T T T G AAC
myBaits T T T G AAC
ARTIC T T T G AAC
SISPA T G AAC
myBaits T T T G AAC
ARTIC T T T G AAC
SISPA T T G AAC
myBaits T T T G AAC
ARTIC T T T G AAC
SISPA T A

myBaits T T T G RRS
ARTIC T T T G GGG

Metodo 241 C 3037 C 14408 C 23404 A 28881

SISPA T G AAC

myBaits T T T G AAC

ARTIC T T T G AAC

SISPA T T T G AAC

ARTIC T T T G AAC

SISPA T T T G GGG

ARTIC T T T G GGG

SISPA T T T G AAC

ARTIC T T T G AAC

SISPA T T G GGG

ARTIC T T T G GGG

SISPA T G AAC

ARTIC T T T G AAC

Varianti SARS-CoV-2 Europa



myBaits IUPAC pos 28881-2883

NRG POS REF ALT PERC n. READS IUPAC

2020.TE.21400.1.8 28881 G A 29,40% 123,254,64,93 R

2020.TE.21400.1.8 28882 G A 29,64% 120,255,64,94 R

2020.TE.21400.1.8 28883 G C 29,43% 119,255,63,93 S



Campioni Ct 19-34 

ARTIC vs Swift



Swift Amplicon SARS-CoV-2 Reasearch panel
2 working days

67 euros per sample

RNA 
extraction

Swift Sample 
prep

Swift Library 
prep

Quantity
Check Sequencing

Reads 150 bp
Paired-end

2h 30’
4h

14h



NRG Ct SARS_CoV2 Metodo VCOV HCOV 241 3037 14408 23404 28881

33690.1.3 23 ARTIC 5694,55 99,88% T T T G AAC

SWIFT 4093,51 98,91% T T Y G AAC

33690.1.4 33 ARTIC 535,569 65,68% T G AAC

SWIFT 9,39666 58,44% Y

33690.1.5 33 ARTIC 512,911 65,44%

SWIFT 8,84501 54,05%

33690.1.6 30 ARTIC 342,665 41,37% T T T

SWIFT 8,03359 52,37% T T G GGG

33690.1.7 31 ARTIC 4555,97 99,80% T T T G GGG

SWIFT 1741,54 98,85% T T N G GGG

33690.1.8 28 ARTIC 6163,35 99,90% T T T G RRS

SWIFT 898,582 97,96% T T Y G GGG

Varianti SARS-CoV-2 Europa



NRG Ct SARS_CoV2 Metodo VCOV HCOV 241 3037 14408 23404 28881

33690.1.9 34 ARTIC 1808,55 97,55% T T T G GGG

SWIFT 13,9966 66,40% Y T

33690.1.10 33 ARTIC 301,295 56,85% T G AAC

SWIFT 9,38229 53,82% T T

33690.1.11 27 ARTIC 5063,37 99,87% T T T G AAC

SWIFT 381,791 95,58% T T Y G AAC

33690.1.12 19 ARTIC 5501,44 99,90% T T T G GGG

SWIFT 3111,42 99,47% T T Y G GGG

33690.1.13 30 ARTIC 5074,36 99,86% T T T G AAC

SWIFT 642,996 96,77% T T Y G AAC

33690.1.14 24 ARTIC 5197,05 99,86% T T T G GGG

SWIFT 2664,25 98,82% Y T

Varianti SARS-CoV-2 Europa



NRG POS REF ALT PERC n. READS IUPAC

2020.TE.33690.1.4 241 C T 84,61% 2,0,6,5 Y

2020.TE.33690.1.9 241 C T 72,22% 4,1,7,6 Y

2020.TE.33690.1.14 241 C T 66,66% 1,0,1,1 Y

2020.TE.33690.1.2 14408 C T 32,96% 120,0,21,38 Y

2020.TE.33690.1.3 14408 C T 22,99% 278,0,31,52 Y

2020.TE.33690.1.8 14408 C T 17,39% 19,0,2,2 Y

2020.TE.33690.1.11 14408 C T 14,28% 12,0,1,1 Y

2020.TE.33690.1.12 14408 C T 32,22% 204,0,26,71 Y

2020.TE.33690.1.13 14408 C T 36,36% 14,0,4,4 Y

Swift IUPAC pos 241, 14408



ARTIC IUPAC pos 28881-28883

NRG POS REF ALT PERC n. READS IUPAC

2020.TE.33690.1.8 28881 G A 42,44% 2041,2119,1518,1549 R

2020.TE.33690.1.8 28882 G A 42,41% 2036,2121,1517,1544 R

2020.TE.33690.1.8 28883 G C 42,25% 2008,2184,1518,1549 S



SISPA vs myBaits vs ARTIC vs Swift…

chi vince?



ARTIC
3 working days

65 euros pr sample 

RNA 
extraction

ARTIC protocol Quantity Check Library 
preparation Sequencing

4 h
5 h 14 h

Reads 150 bp
Paired-end

RT random
PCR SARS-CoV-2 

primers



Cosa manca?

• Analisi varianti su tutta la sequenza genomica

• Diversi tool (Genpat, Galaxy, Lasergene)



Ringraziamenti

• Gruppo COVID
• Virologia e colture cellulari
• Biologia molecolare e tecnologie omiche
• Bioinformatica


