
Quantification of M gene cDNA from different IAV whole genome sequencing protocols. Absolute cDNA copy numbers were 

measured by qPCR using 2 µL of A(H1N1)pdm09 cDNA synthesized via the Zhou (2009 and 2012), Rambo-Martin (2020), 

and optimized protocols. RNA input consisted of six 10-fold serial dilutions (Cp range 17–35). Quantification was performed 

using the Luna Universal Probe qPCR Master Mix and previously described primers. Absolute values were calculated using a 

standard curve and normalized to the amount of RNA template used during reverse transcription. Results are shown as mean 

± standard deviation from three biological replicates. Statistical comparisons between selected protocols within each dilution 

were performed using two-sided t-tests; only significant p-values are displayed (p < 0.05). 
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Normalized read depth across influenza A virus segments for different WGS protocols and RNA input dilutions. Mean read depth 

from three biological replicates, based on subsampled reads (n=1,892 reads/sample to match the sample with the lowest 

number of sequencing reads), is plotted as A) a heatmap illustrating segment-level sequencing depth and B) the number of 

sequencing reads (y-axis) across nucleotide positions (x-axis) for each IAV genome segment. Data are shown for the Zhou 

(2009 and 2012), Rambo-Martin (2020), and optimized protocols, across six 10-fold serial dilutions (Cp range 17–35). Different 

input dilutions are color-coded.

HA

PA

PB1

1 1001 2001

1 1001 2001

1 1001 2001

PB2

1 1001

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Genome position

Zhou et al. 2009

HA

PA

PB1

1 1001 2001

1 1001 2001

1 1001 2001

PB2

1 1001

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Genome position

Zhou et al. 2012

HA

PA

PB1

1 1001 2001

1 1001 2001

1 1001 2001

PB2

1 1001

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Genome position

Rambo−Martin et al. 2020

HA

PA

PB1

1 1001 2001

1 1001 2001

1 1001 2001

PB2

1 1001

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Genome position

Current protocol

E1 E2 E3 E4 E5 E6

MP

NS

NA

1

1 1001

1 1001

NP

1 1001

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Genome position

Zhou et al. 2009

MP

NS

NA

1

1 1001

1 1001

NP

1 1001

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Genome position

Zhou et al. 2012

MP

NS

NA

1

1 1001

1 1001

NP

1 1001

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Genome position

Rambo−Martin et al. 2020

MP

NS

NA

1

1 1001

1 1001

NP

1 1001

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Genome position

Current protocol

E1 E2 E3 E4 E5 E6



Fig S3

A

C

B

1.9 2.2 2.1 2.2 2.5 2.1 2.62.5

1.9 2.3 2.1 2.2 2.5 2 2.82

1.7 2 1.9 2.1 2.4 2.1 2.92.1

1.6 2.1 2 2.1 2.4 2.1 2.92.2

1.9 1.9 1.8 2.1 2.5 2.2 2.82.4

1.9 2.4 2.2 2.2 2.5 2.2 2.72

1.8 2.3 2.1 2.2 2.5 2.1 2.82.1

2 2.3 2.2 2.2 2.6 2.2 2.72.2

1.6 2 1.8 2.1 2.3 2 2.92

1.9 2.2 2.1 2.1 2.5 2.1 2.91.9

2 2.3 2.1 2.1 2.5 2.2 2.72.1

1.9 2.1 2 2.1 2.4 1.9 2.82.1

2.2 2.6 2.4 2.2 2.5 1.9 2.12.4

1.8 2.1 2.1 2.1 2.5 2.2 2.82

1.8 2.1 1.9 2 2.4 2 2.92.1

1.8 2.1 2.1 2.1 2.4 2.3 2.82.1

1.8 2.1 2 2.2 2.5 2.1 2.72.4

1.7 2 1.9 2.2 2.4 2 2.82.1

1.7 1.9 2.1 2.2 2.6 2.1 2.62.6

2.1 2.4 2.3 2.3 2.6 2.1 2.62.1

2.2 2.5 2.3 2.3 2.4 2.2 2.42.3

1.7 2.1 2 2.1 2.3 2.1 2.92

2 2.3 2.3 2.3 2.6 2.1 2.62.3

2.1 2.5 2.5 2.2 2.7 1.9 2.12.2

PB2 PB1 PA HA NP NA MP NS

BC24

BC23

BC22

BC21

BC20

BC19

BC18

BC17

BC16

BC15

BC14

BC13

BC12

BC11

BC10

BC09

BC08

BC07

BC06

BC05

BC04

BC03

BC02

BC01

Depth
(log10)

0

1

2

3

4

5

Dual−barcode

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

100 100 100 100 100 100 100100

PB2 PB1 PA HA NP NA MP NS

BC24

BC23

BC22

BC21

BC20

BC19

BC18

BC17

BC16

BC15

BC14

BC13

BC12

BC11

BC10

BC09

BC08

BC07

BC06

BC05

BC04

BC03

BC02

BC01

Coverage

0

25

50

75

100

Dual−barcode

BC24

BC23

BC22

BC21

BC20

BC19

BC18

BC17

BC16

BC15

BC14

BC13

BC12

BC11

BC10

BC09

BC08

BC07

BC06

BC05

BC04

BC03

BC02

BC01

0 10000 20000 30000 40000

No. of Reads

Non−Viral
Viral

Dual−barcode

Segment-level read depth and coverage from dual-barcoded A(H1N1)pdm09 samples. Heatmaps display the number of reads 

mapped to each influenza A virus segment A) and the extent of segment coverage across nucleotide positions B), based on dual 

barcoding. Read depth was normalized across samples using subsampling to enable comparison of coverage breadth and 

sequence read distribution between the different PCR barcodes. C) Total number of viral (grey) and non-viral (red) sequencing 

reads from dual-barcoded A(H1N1)pdm09 samples (full non-subsampled dataset).
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Proportion of viral and non-viral reads in sequence data from IAV-positive clinical samples. The proportion of mapped 
viral (grey) and non-viral (red) reads detected from IAV-positive clinical samples of avian, swine, and avian origin 
sequenced with a single or dual barcoding strategy. 



Fig S5

A

B

C

A/avian/11 A/avian/12 A/avian/17 A/avian/19 A/avian/20 A/avian/23

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Single−barcoding

A/avian/11 A/avian/12 A/avian/17 A/avian/19 A/avian/20 A/avian/23

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Dual−barcoding

PB2

PB1

PA

HA

NP

NA

MP

NS

S
e

q
u

e
n

ci
n

g
 D

e
p

th
 (

lo
g

1
0

)

A/human/17 A/human/18 A/human/19 A/human/20 A/human/22 A/human/23 A/human/24

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Single−barcoding

A/human/17 A/human/18 A/human/19 A/human/20 A/human/22 A/human/23 A/human/24

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Dual−barcoding

PB2

PB1

PA

HA

NP

NA

MP

NS

S
e

q
u

e
n

ci
n

g
 D

e
p

th
 (

lo
g

1
0

)

A/swine/09 A/swine/11 A/swine/12 A/swine/23 A/swine/24

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Single−barcoding

A/swine/09 A/swine/11 A/swine/12 A/swine/23 A/swine/24

1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000 1 1000 2000

0

1

2

3

4

5

Genome position

Dual−barcoding

PB2

PB1

PA

HA

NP

NA

MP

NS

S
e

q
u

e
n

ci
n

g
 D

e
p

th
 (

lo
g

1
0

)

Normalized read depth across influenza A virus segments from IAV-positive clinical samples of avian, swine, 
and human origin. The read depth is plotted as the number of sequencing reads (y-axis) across nucleotide 
positions (x-axis) for each IAV genome segment. IAV-positive RNA samples from avian, swine, and human hosts 
were sequenced with the optimized WGS protocol using a single- or dual-barcoding strategy. 


