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1. Purpose

This procedure describes the workflow for exporting raw data from the Bio-Rad QX200 ddPCR
system, performing quality control checks, calculating gene copy numbers normalized to soil mass
or DNA concentration, and conducting statistical analyses of nitrogen cycle gene abundance data.
The SOP links the instrument output from SOP-L701 to reproducible analysis scripts written in
R (R Core Team, 2024).
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2.

Scope

Applies to: Interpretation and analysis of QX200 ddPCR data (QuantaSoft or QuantaSoft
Analysis Pro output) for nitrogen-cycle functional genes (amoA, nirK, nirS, nosZ, nifH, nrfA)
from environmental soil samples, quantified in absolute units (copies per gram dry soil or
copies per nanogram DNA)

Does not apply to: Operating the instrument (see SOP-L214); assay or primer design and
validation (see SOP-L701); amplicon sequencing, metagenomics, or qPCR data from other
platforms

Location: Instrument computer (QuantaSoft) for export and threshold review; RStudio
Server for analysis (see SOP-L801 RStudio and GitHub)

Responsibilities
Role Responsibility
Lab PI Approve analysis pipeline and interpretation
Trained Personnel Export data, run QC, perform analysis
New Students Complete training before independent analysis
Definitions

Amplitude threshold: The fluorescence intensity boundary set in QuantaSoft (or Quanta-
Soft Analysis Pro) that separates positive droplets (containing amplified target) from negative
droplets; correct threshold placement is the single most critical step in ddPCR data analysis
and must be reviewed manually for each plate (Bio-Rad Laboratories, 2024).

Copies per microliter (copies/pL): The absolute concentration of target DNA in the
final ddPCR reaction volume as calculated by Poisson statistics from the fraction of positive
droplets; must be back-calculated through all dilution steps to report concentration in the
original sample (Hindson et al., 2011).

Droplet count filter: A minimum threshold of accepted droplets per well (10,000 recom-
mended) below which the Poisson estimate is unreliable; wells below this threshold must be
excluded from analysis (Bio-Rad Laboratories, 2024).

DMINQ (Digital Minimum Information for Publication of Quantitative Digital
PCR Experiments): The community standard for reporting ddPCR data (The dMIQE
Group & Huggett, 2020); specifies required metadata including droplet count, threshold
method, NTC results, and normalization approach.

NTC (no-template control): A reaction well containing all reagents except DNA template;
run on every plate to detect reagent or consumable contamination; must show 0 or fewer than
3 positive droplets per well (Bio-Rad Laboratories, 2018).

Normalization: The process of expressing gene copy numbers relative to a common denom-
inator (total DNA concentration in ng/nl, or dry soil mass in g) to allow comparison across
samples and studies; both normalizations should be reported when possible.
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« Poisson correction: The statistical calculation applied by QuantaSoft to convert the frac-
tion of positive droplets to an absolute copy number per microliter, correcting for the prob-
ability that a single droplet may contain more than one target molecule (Hindson et al.,
2011).

e QLp file: The proprietary binary data file format produced by the Bio-Rad QX200 system;
contains raw droplet amplitude data, QuantaSoft threshold settings, and computed results;
must be archived unmodified before any downstream analysis.

e Rain: Droplets with intermediate fluorescence amplitude falling between the positive and
negative clusters in the amplitude plot; indicates suboptimal amplification, partial inhibition,
or primer issues; quantified as the percentage of events in the intermediate cluster and should
be documented (Bio-Rad Laboratories, 2018; Lievens et al., 2016).

5. Why ddPCR for This Application

Quantitative PCR (qPCR) infers target abundance from amplification kinetics against a standard
curve, so its accuracy depends on amplification efficiency and on curve quality. ddPCR instead
partitions each reaction into roughly 20,000 nanoliter droplets, amplifies to endpoint within each
droplet, and counts droplets as positive or negative. The fraction of positive droplets is fit to a
Poisson distribution to recover the starting concentration in copies per microliter, with no standard
curve required (Bio-Rad Laboratories, 2018; Hindson et al., 2011).

For soil nitrogen-cycle work, this matters for several reasons:

e Absolute, comparable counts. Copy numbers are returned directly in copies per micro-
liter, which can be normalized to soil mass or DNA and compared across plates, runs, and
studies without a shared standard curve.

e Tolerance of inhibitors. Soil DNA extracts carry humic acids and other PCR inhibitors.
Endpoint partitioning is less sensitive to partial inhibition than the kinetic measurement that
qPCR depends on, although inhibition should still be checked (§6) (Hindson et al., 2011).

e Precision for small differences. The large number of partitions lets ddPCR resolve modest
fold-changes in gene abundance between treatments (Hindson et al., 2011).

e Low-abundance targets. Genes such as nosZ or nifH are often present at low copy numbers
relative to bulk DNA; partitioning improves the signal-to-noise ratio for rare targets.

These properties are the reason functional-gene abundance is increasingly reported in absolute units
when relating microbial communities to nitrogen cycling processes (Levy-Booth et al., 2014).

6. The Soil Nitrogen Cycle and Functional Gene Markers

Soil nitrogen transformations are carried out by distinct microbial guilds, each defined by the
enzymes (and therefore the genes) it carries. Quantifying these marker genes provides a direct,
culture-independent estimate of the genetic potential for each process (Kuypers et al., 2018; Levy-
Booth et al., 2014).
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What the abundance Primary
Gene Process / guild indicates reference
amoA Ammonia oxidation, bacterial Bacterial Rotthauwe et
(AOB) ammonia-oxidizer al. (1997)
potential; first,
rate-limiting step of
nitrification
amoA Ammonia oxidation, archaeal Archaeal Francis et al.
(AOA) ammonia-oxidizer (2005)
potential; often
dominant in low-N,
acidic soils
nirK Nitrite reduction (denitrification) Cu-type nitrite-reductase Henry et al.
potential (2006)
nirS Nitrite reduction (denitrification) cd,-type Braker et al.
nitrite-reductase (2000)
potential
nosZ Nitrous oxide reduction N,O-reductase potential; Henry et al.
capacity to reduce N,O  (2006)
to N,
nifH Nitrogen fixation Diazotroph potential; Levy-Booth et
biological N, fixation al. (2014)
nrfA DNRA Retains N in system as Levy-Booth et
NH,* al. (2014)

7. From Instrument Output to Quality-Controlled Data

7.1.

Reviewing and Exporting Data

Instrument operation and the QuantaSoft interface are covered in SOP-L214. For analysis, the
entry point is the exported well-level data.

1. Open the completed experiment file (.qlp) in QuantaSoft and confirm the positive/negative
threshold for each well. Re-apply thresholds manually in QuantaSoft Analysis Pro if needed,

and record any change in the lab notebook.

2. Export with Options > Export CSV to produce a well-level results file. Key columns
include Well, Sample, Target, Concentration (Poisson-corrected copies/pL (Hindson et
al., 2011)), Positives, Negatives, AcceptedDroplets, MeanAmplitudeOfPositives, and
MeanAmplitudeOfNegatives.

3. Name the file YYYY-MM-DD_gene_project_plate.csv.

4. Archive both the .qlp and the exported .csv to the lab shared drive under ddPCR_raw_data/
before any analysis begins.

Rev. 0.2 (June 26, 2026)

For INTERNAL USE ONLY

Page 4 of 10



BAPProgR-add PORomgiraflotlegaiide — Absolute Quantification of Soil Nitrogen-Cycle Functional Genes

Data Integrity

e Never overwrite raw exported data files. Work only with copies.
e Back up raw .qlp files immediately after each run.
o All analysis scripts must be version-controlled in the lab GitHub repository.

7.2. Quality Control and Acceptance Criteria

Apply these checks before any analysis, following the data-quality expectations set out for digital
PCR reporting (Bio-Rad Laboratories, 2018; The dMIQE Group & Huggett, 2020).

1. Droplet count filter. Exclude wells with fewer than 10,000 accepted droplets; below this,
the Poisson estimate is unreliable (Bio-Rad Laboratories, 2024).

2. No-template controls (NTC). NTC wells must show 0 or fewer than 3 positive droplets.
More than 3 positives indicates contamination; rerun the affected target or plate.

3. Extraction blanks. Blanks carried from DNA extraction (SOP-L700) must fall below the
NTC threshold. Elevated counts point to contamination in the extraction workflow. Note
that direct soil extraction is itself a known source of quantitative bias (Frosteg aard et al.,
1999), so blanks and recovery checks matter for absolute numbers.

4. Positive controls. gBlock serial dilution positive controls must return concentrations within
20% of expected values across the linear range (Huggett et al., 2013).

5. Rain. Document the percentage of rain droplets per well. Assays with persistent high rain (>
10-15% of events) should be flagged and the primer or cycling conditions reviewed (Lievens
et al., 2016).

8. Calculating Gene Copy Numbers

8.1. From Reaction to Sample

The concentration reported by QuantaSoft is in copies per microliter of the final ddPCR reaction.
To convert to copies per gram dry soil:

Vot 1
Nt = Cugn X Vi x D x —ution_ ¢
> o o V;xn input mdry soil
where:
o C.,, = QuantaSoft-reported concentration (copies/nL)
o V., = total ddPCR reaction volume (typically 20 pL)

e D = dilution factor applied to the extract before the reaction
e V. = total DNA extract volume (pL)

elution

¢ Visn input = volume of extract added to the reaction (uL)

o Mgy soil = mass of dry soil extracted (g)
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8.2. R Implementation

# — ———
# ddPCR copy number normalization (SOP-L702)
#

library(tidyverse)

# Import well-level QuantaSoft export
raw <- read_csv("2025-05-14_amoA_wetland_platel.csv")

# Parameters (adjust per run)

rxn_vol <- 20 # pL total ddPCR reaction volume

input_vol <- 5 # pL extract added to reaction

elution_vol <- 100 # pL total DNA extract

dilution <- 10 # dilution factor applied to extract before reaction
# Dry soil mass (g) per sample -- join from sample metadata

metadata <- read_csv("sample_metadata.csv") # cols: Sample, dry_soil_g

results <- raw |>

filter (AcceptedDroplets >= 10000) |> # droplet count filter
left_join(metadata, by = "Sample") |[>
mutate (

copies/pL in reaction
total reaction volume

copies_per_g = Concentration *
rxn_vol *
dilution *
(elution_vol / input_vol) *
(1 / dry_soil_g)

dilution correction
extraction recovery
normalize to dry soil

H OH HF H

# Flag QC issues
results <- results |>

mutate (
qc_flag = case_when(
AcceptedDroplets < 10000 ~ "low_droplets",
Concentration == 0 & !is.na(copies_per_g) ~ "no_signal",
TRUE ~ "OK"
)
)

write_csv(results, "2025-05-14_amoA_wetland_platel_processed.csv")
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9. Interpreting Relative Gene Abundances

Individual gene copy numbers are most informative when examined in relation to each other and
to the soil’s total microbial biomass (often estimated as 16S rRNA gene copies) (Kuypers et al.,
2018; Levy-Booth et al., 2014).

Suggested derived metrics:

Metric Formula Ecological interpretation

AOB : AOA amoA(AOB) / Relative dominance of bacterial vs. archaeal nitrifiers
ratio amoA(AOA)

Denitrification nirK + nirS + Combined capacity for N loss as gas

potential noszs

N,O consumer :

nosZ | (nirK +

Capacity to complete denitrification; low values predict

producer nirS) N,0O accumulation

Diazotroph nifH / 16S Fraction of community with N fixation capacity
index

DNRA : nrfA | (nirK + N retention vs. N loss balance

denitrification narsS)
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11. Related SOPs

SOP Title Relationship

L700 DNA Extraction Upstream: DNA template source
L701 ddPCR Primer Design Primer validation and assay registry
L801 RStudio and GitHub Version-controlled analysis

L8802 Quality Control and QA General QA/QC framework

12. Training Record

Before performing ddPCR data analysis independently, personnel must:

1. Read this SOP and SOP-L701 in full
2. Review the DMINQ reporting standard (The dMIQE Group & Huggett, 2020)
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3. Demonstrate correct QuantaSoft threshold setting on at least two plates under supervision
4. Run the copy number normalization R script on a test dataset and reproduce the trainer’s

results

5. Be signed off by the PI or lab manager

13. Appendix A: DMINQ Checklist

When reporting ddPCR data from this workflow, include the following metadata per The dMIQE

Group & Huggett (2020):

Item

Required by DMINQ

Notes

Instrument model and serial

Software version

Droplet count per well

Threshold setting method

NTC result

Positive control

Rain percentage

Dilution factor
Normalization denominator

Inhibition check result

Primer/probe sequences

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Bio-Rad
QX200
Quanta-
Soft
version
Must be
10,000
Manual or
automated;
document
both
Copies/nL;
must be 0
or < 3
positive
droplets
gBlock;
expected
and
measured
concentra-
tion
Document
even if low

Dry soil
mass (g)
and/or
DNA (ng)
1:5 vs. 1:10
dilution
agreement
Or cite
SOP-L701
registry
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Item Required by DMINQ Notes

Cycling conditions Yes Annealing
tempera-

ture, cycles
Reference for target gene Yes Cite from

SOP-L701
registry
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