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I. Calibration of the qPCR amplification efficiency 

For each pair of primers, the PCR efficiency was calibrated (Figure S1). During PCR, target 

DNA fragment is replicated in each heating cycle. The PCR efficiency was calibrated following 

the MIQE Guidelines [1], but the initial templet was 4-fold diluted. Thus, the PCR amplification 

efficiency (e) in Figure S1 is calculated as e = 4–1/slope – 1, in which the ‘slope’ represents the 

absolute value of the slope of the fitting line in Figure S1, where linear regression was performed, 

and the slopes in the plots are (a) –2.071; (b) –2.034; and (c) –2.302. Then, the e values are obtained 

as (a) 95.3%; (b) 97.7%; and (c) 82.6%, respectively. 
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Figure S1 Calibration of PCR amplification efficiency for different pairs of primers. 

(a) 341F and 518R. The universal primers in 16s rDNA used for prokaryote, used on S. aureus 

and E. coli;  

(b) 14567F and 14617R. The primers used on phage P22; and  

(c) ITS3-F and ITS4-R. The universal primers in 5.8s and 28s rDNA used for eukaryote, used on 

S. cerevisiae. 
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II. Deviation in the measurement of the sampling efficiency caused by bacterial 

multiplication/degradation 

Assume the sampling target substances on a surface multiply(or degrade) with a constant 

speed, e.g., dC/dt = λC, the quantity at the moment of detaching the PVA membrane (C) can be 

calculated using C = eλtC0, in which C is varied by time (t), and the substances multiply (degrade) 

when λ > 0 (< 0). Assume a time of sampling spends t0, the C can be obtained by Equation S1. 

 𝐶 = 𝑒𝜆𝑡0𝐶0 (A1) 

where, t0 is the time length for each sampling; and C0 is the bacterial amount initially inoculated 

to the substrate surface. 

The multiplication rate of the bacterial strain (R) during a sampling is defined in Equation S2. 

This is also mentioned in Section 2.6.2 in the main text. 

 
𝑅 =

𝐶

𝐶0
= 𝑒𝜆𝑡0 (S2) 

If we consider the multiplication rate (R) in calculating the sampling efficiency using 

Equation 1 in the main text, the microbes in each of the N-times sequential sampling (ΔC1, ΔC2, …, 

ΔCN) as shown in Equations 1, 2 and 4 in the main text, are revised to Equations S3 (a–c). 

 

{
 
 

 
 
𝛥𝐶1 = 𝐸 × 𝑅𝐶0                                                                             

𝛥𝐶2 = 𝐸 × 𝑅(𝑅𝐶0 − 𝛥𝐶1) = 𝐸𝑅[(1 − 𝐸)𝑅]𝐶0                     

𝛥𝐶3 = 𝐸 × 𝑅[𝑅(𝑅𝐶0 − 𝛥𝐶1) − 𝛥𝐶2] = 𝐸𝑅[(1 − 𝐸)𝑅]
2𝐶0

⋮                                                                                   
𝛥𝐶𝑛 = 𝐸𝑅[(1 − 𝐸)𝑅]

𝑛−1𝐶0                                                      

 (A3, a) 

⇒ ∑𝛥𝐶𝑖

𝑛

𝑖=1

= 𝐸𝑅𝐶0
1 − [(1 − 𝐸)𝑅]𝑛

1 − (1 − 𝐸)𝑅
 (A3, b) 

⇒ 
𝛥𝐶𝑛

∑ (𝛥𝐶𝑖)
𝑁
𝑖=1

=
[1 − (1 − 𝐸)𝑅] × [(1 − 𝐸)𝑅]𝑛−1

1 − [(1 − 𝐸)𝑅]𝑁
 (A3, c) 

Set E’ = 1 – (1 – E) × R, as shown in Equation S4.  

 𝐸 = 1 − (1 − 𝐸′)𝑅−1  

⇒ {
𝐸′ − 𝐸 = (1 − 𝐸) × (1 − 𝑅)     

𝐸 − 𝐸′ = (1 − 𝐸′) × (1 − 𝑅−1)
 (A4) 

Then, Equation S3 (c) can be simplified to Equation S5, which has the same structure with 
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Equation 4 in the main text. 

 𝛥𝐶𝑛
∑ (𝛥𝐶𝑖)
𝑁
𝑖=1

=
𝐸′(1 − 𝐸′)𝑛−1

1 − (1 − 𝐸′)𝑁
 (A5) 

In Equation S5, E’ can be considered as a calculated sampling efficiency with the occurrence 

of bacteria multiplication (or degradation). Combining Equations S4 and S5, the deviation in 

evaluating the sampling efficiency E is summarized as follows 

• if R = 1, it indicates a stable amount of the bacterial strain. Then, E’ = E, meaning that the 

sampling efficiency would be estimated accurately; 

• if R > 1, it indicates a multiplication of the bacterial strain. Then, E’ < E, meaning that the 

sampling efficiency would be underestimated; and 

• if R < 1, it indicates a degradation of the bacterial strain. Then, E’ > E, meaning that the 

sampling efficiency would be overestimated. 
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