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Chapter 1

Methods For Quantifying Nucleic
Acids and Proteins: An Overview

The success of most experiments involving DNA, RNA, or proteins depends on the effectiveness of your sample
preparation. Determining the concentration and quality of your sample forms a critical control point that informs your
next steps. Your sample may not be pure enough or concentrated enough and require further preparation steps—or
you may simply need these metrics to inform your calculations in downstream experiments. This chapter will examine
which quantification methods answer which experimental questions.

1.1 The Benefits of Quantification and Quality Control

Concentration errors can have expensive consequences in molecular biology workflows. For example, in Next
Generation Sequencing (NGS), inaccurate library quantification leads to loss of specific indexes, under-usage of
sequencing capacity, reduced read depth, and biased representation of libraries [1].

Reliable quantification is also essential when working with challenging sample types such as formalin-fixed
paraffin-embedded (FFPE) tissues. These often contain fragmented DNA and residual contaminants. If these factors
are not detected during quality control, the apparent DNA concentration may not reflect the amount of usable material
available for downstream applications, increasing the risk of library preparation failure [2].

In gPCR experiments, small measurement inaccuracies can propagate through. Even modest differences in template
concentration or amplification efficiency can translate into large changes in threshold cycle (Ct) values, ultimately
affecting the accuracy of variant abundance measurements.

1.2 Overview of Major Quantification Methods

Several methods exist for quantifying biomolecules, each relying on different physical properties. Understanding the
mechanism behind each method helps you interpret results correctly and recognize their specific limitations.
Selecting the right quantification method means balancing these primary variables (see Table 1 for a summary):

Dynamic range (the span between the lowest and highest detectable concentrations)
Accuracy (including sensitivity and specificity)

Process efficiency (time and cost)

The need for a purity assessment
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UV-Vis Absorbance

Absorbance spectroscopy remains the most common quantification method in life science labs. It operates on the
Beer-Lambert Law, where the amount of light absorbed by your sample is directly proportional to the concentration
of the molecule and the pathlength of the light. Nucleic acids intrinsically absorb UV light at 260 nm, while proteins
absorb at 280 nm.

Strengths: UV-Vis covers the widest dynamic range of any quantification method, detecting dsDNA across several
orders of magnitude [3], which eliminates the need for sample dilutions in most lab scenarios (Figure 1). It is also the
only method that provides immediate contamination detection. By comparing purity ratios (A260/A280 and A260/
A230), you can identify the presence of common contaminants like protein, phenol, or chaotropic salts.

UV-Vis is the fastest and most cost-effective option, with processing completed within seconds and negligible
consumable costs. Microvolume UV-Vis spectrophotometers, such as those in the DeNovix DS-Series, facilitate low-

volume absorbance measurements, meaning that you do not have to use a cuvette. On DS-Series devices,
these measurements occur in as little as 2 seconds.

Limitations: Absorbance is non-specific. It measures any molecule that absorbs at the target wavelength and
cannot distinguish between different nucleic acid species. This often leads to overestimation of concentration in
complex or contaminated samples.

Fluorometry
Fluorescence quantification can be carried out using a benchtop instrument such as the QFX Fluorometer. This

method uses extrinsic fluorophores (dyes) that bind specifically to your target molecule, whether that's dsDNA, RNA,
or protein. The fluorophore absorbs light at a specific excitation wavelength and emits it at a longer emission
wavelength. The dye's fluorescence is detectable only when bound to the specific target analyte. See Figure 1 for a
side-by-side comparison of fluorescence and absorbance quantification methods.

Strengths: Its specificity makes fluorometry highly accurate and capable of quantifying double-stranded (ds) DNA
even in the presence of RNA or protein contaminants. It also offers superior sensitivity for low-input samples,
enabling detection of concentrations far below absorbance limits.

Limitations: The dynamic range is limited by the assay chemistry, spanning approximately 3—4 orders of magnitude
[3]. The cost per sample ranges from approximately $0.60 to $1.40 (depending on assay and manufacturer) and the
method requires incubation time and assay reagents [2]. Prior to measurement, the user must set up a two-point
standard curve by mixing a fluorophore with a sample of known concentration and plotting the Relative Fluorescent
Units (RFU) [3]. Another limitation is that fluorescence provides no information on sample purity. A contaminated
sample may yield a concentration reading without warning you that inhibitors are present. This “blind spot” could
sabotage downstream enzymatic reactions.
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Absorbance methods directly measure the amount of
light absorbed by a sample at a specific wavelength.
The absorbance of light is proportional to
concentration of the sample, allowing quantification.

@ Microvolume Cuvette

* 1 yL sample volume + Larger sample volume

* No sample dilutions + Higher sensitivity than
required microvolume

Quick and easy method to quantify a wide
range of samples without any assay cost or
set up time.

Possible over a wide dynamic range, covering
all commonly used samples concentrations.

Contaminants can be detected, allowing
additional quality control.

Fluorescence

Fluorophores are bound to the sample of interest and
excited with a specific wavelength of light. Emission is
measured at a higher wavelength. Sample
fluorescence is compared to known standards.

0.5 mL PCR Tubes

+ 200 pL assay volume

* 1-20 pL of sample

+ Choose from a wide variety of

fluorophores and assay kits

Enhanced sensitivity allows quantification to
sub-picogram per micro liter concentrations.

Assays are specific for the analyte under
investigation, leading to highly specific
quantification without interference from
contaminants.

Requires assay kits and known-concentration
standards.

Figure 1. Analytical comparison of absorbance and fluorescence quantification methods [4].

Gel Electrophoresis

Agarose or polyacrylamide gel electrophoresis separates nucleic acids or proteins based on size, but this method can
also give you an idea of the quantity of your target protein or DNA. The molecules migrate through a matrix under an
electric field, with smaller molecules moving faster than larger molecules.

Strengths: The physical separation of the sample provides a visual distinction of intact high-molecular-weight DNA
from degraded smears, with band thickness offering a visual cue of quantity.

Limitations: Gel electrophoresis provides only semi-quantitative estimation and lacks the precision required for
workflows like NGS loading calculations.
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qPCR
Quantitative PCR measures the amplification of a specific target sequence in real time, using fluorescent probes or
dyes to monitor the accumulation of PCR products.

Strengths: It offers high sensitivity and a higher dynamic range than fluorescence and uniquely confirms that DNA is
amplifiable (PCR-competent), a critical quality check no other method provides.

Limitations: The trade-off is cost and time: gPCR is the most expensive and labor-intensive method, costing
approximately $2.40 per sample and taking over 2 hours to generate results [2]. It also provides no purity information
and relies on standard curve calibration and amplification efficiency assumptions [1].

Capillary Electrophoresis
The final method that can give you information on the quantity of your target molecule is capillary electrophoresis.
It separates molecules in a capillary tube to generate a size distribution profile.

Strengths: It provides high-resolution sizing and quality assessment, which is essential for determining average
fragment or library size in NGS workflows. Capillary electrophoresis typically requires only 1-2 pL of sample and
provides automated, high-resolution sizing.

Limitations: The main drawback is that it requires specialized instrumentation and reagents.

Comparison of Quantification Methods

Table 1. Comparison of quantification methods across analytical performance and workflow parameters.

Dynamic

Purity Info  Sensitivit Specificit Duration
Range y y Sp y
High Yes Medium Medium Low Short
Medium No High High Medium Medium
Gel L N L L L L
Electrophoresis ow 0 ow ow ow ong
qPCR High No High High High Long
Capillary . . . :
Low-Medium No Medium Medium High Long

Electrophoresis

1.3 Choosing the Right Method for the Downstream Application

The choice of quantification method is rarely about finding a single “best” technique. Each method comes with its
own constraints, so you will need to balance these based on the requirements of your downstream experiment. In
many cases, combining multiple techniques can provide complementary information about your sample’s
concentration and quality.
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When Speed Matters Most

Speed is an important factor when you need to quickly screen multiple samples or verify nucleic acid concentrations

before moving on to the next experimental step. For example, after DNA extraction, you may want to rapidly confirm

that samples fall within a usable concentration range before setting up PCR reactions or cloning experiments.
measurements are commonly used for this purpose because they provide quick concentration

estimates and require minimal sample preparation.

When Sample Complexity Affects Measurement Accuracy

Some experiments require a more precise understanding of the specific nucleic acid population present in a sample.
This is especially important when working with challenging sample types such as FFPE tissues, where, as previously
mentioned, DNA is often fragmented and contaminants may be present.

In these workflows, methods that target specific analytes can provide more relevant information for downstream

applications. [[f TR R E L IR EEE VA selectively measure dsDNA, RNA, or protein, depending on the kit used, and
can help estimate the amount of material available for applications such as sequencing library preparation, reverse

transcription, or protein analysis. [{8:8EELLETLIGET 2 may also be used when it is important to confirm that the
DNA molecules present are capable of amplification.

When Sample Concentrations Vary Widely

Differences in starting material, extraction efficiency, and sample degradation can produce yields that span several
orders of magnitude. Large-scale screening experiments can also produce wide concentration variability. In these
situations, methods with a broad dynamic range are particularly useful.

is well suited to these workflows because it can quantify nucleic acids across a very wide
concentration range without additional reagents. For applications that require sequence-specific quantification while
still accommodating large concentration differences, can perform well due to its range and sensitivity. However,
gPCR requires additional reagents and longer processing times compared with

When Contaminants Could Affect Downstream Results

In many cases, sample purity is just as important as concentration. Contaminants such as proteins, phenol, or
chaotropic salts can interfere with enzymatic reactions, potentially affecting downstream processes such as PCR
amplification, restriction digestion, or sequencing library preparation. For detecting purity at the same time as
quantifying your sample, is the most appropriate technique.

When Cost is a Practical Constraint

In high-throughput laboratories or teaching environments, methods with minimal consumable costs may be preferred
for routine measurements. For example, quantification requires no assay reagents, making it
particularly attractive when processing large numbers of samples or when budgets are limited. Compact
microvolume spectrophotometers such as the DeNovix Helium 1 puL Spectrophotometer allow researchers to quantify
nucleic acids and proteins using very small sample volumes with essentially no per-sample cost.
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When Samples Have Very Low Concentrations
For samples with very low concentrations, is usually the better choice. Instruments such as the DeNovix
DS-11 EX or FX+ combine fluorescence quantification with absorbance-based purity assessment, giving you both a

sensitive target-specific concentration and the 260/280 and 260/230 ratios needed to assess sample quality. This is
especially useful for precious DNA or RNA samples, where the target may fall below the reliable range of microvolume
UV-Vis. With DeNovix fluorescence quantification assay kits, DS-11 FX models can extend sensitivity down to 0.5 pg/
pL for dsDNA and 250 pg/pL for RNA.

When Quantification Methods Disagree

Many laboratories use more than one technique to evaluate their samples. measurements quickly
estimate concentration and assess purity;provide analyte-specific quantification when higher
sensitivity or specificity is required; and, in more demanding workflows, additional techniques such asor
evaluate amplifiability or fragment size. When these methods return different values for the same
sample, it's rarely an error—it’s a reflection of what each method actually detects.

The core issue is that “biomolecule concentration” is not a single, objective property of a sample. It is a measurement
outcome, and that outcome depends on what the method detects. UV-Vis absorbance and fluorescence-based
assays do not measure the same thing. They access different molecular signals, respond to different components in
the sample, and are subject to different sources of bias. A single number from either method collapses that
complexity into a value that appears definitive but may not be accurate.

Platforms like DS-11 Series Spectrophotometers / Fluorometers make this comparison routine by combining UV-
Vis absorbance and fluorescence measurement on a single instrument, so both values are available simultaneously

rather than discovered as a discrepancy downstream. How to read the relationship between those values — and what
to do when they disagree — is explored in depth in Chapter 4.

1.4 Conclusion

Successful experiments involving nucleic acids or proteins depend on reliable measurement of both sample
quantity and quality. Because different quantification techniques rely on distinct measurement principles, each
provides unique insights into sample composition and performance.

Selecting an appropriate method, therefore, requires considering the analytical needs of your experiment,

including sensitivity, concentration range, purity assessment, and practical workflow constraints. By understanding
the strengths and limitations of each approach, you can choose a quantification method, or combination of methods,
that provides the most relevant information for your downstream applications.

The remainder of this eBook develops a framework for interpreting these discrepancies, with a closer focus on the
two most commonly used quantification methods: absorbance and fluorescence. It examines what each method
actually measures, common patterns of misalignment, what those patterns indicate about sample composition, and
how to build a decision logic for which value to trust under which conditions.
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Chapter 2

Fundamentals of UV-Vis for

Quantifying Biomolecules

UV-Vis absorbance is often the first measurement you take after extraction. It gives you both concentration and purity
information in seconds—but to interpret those numbers correctly, you need to understand what the instrument is
actually measuring, and how that measurement is made.

2.1 The Relationship Between Absorbance and Concentration

UV-Vis spectrophotometry measures how much light your sample absorbs as it passes through it. For nucleic acids,
this is typically measured at 260 nm, where the aromatic bases absorb ultraviolet light due to electronic transitions in

their ring structures. Absorbance depends on three factors:

«  The concentration of absorbing molecules
+  The distance light travels through the sample (pathlength)
+  The intrinsic absorbance of the molecule (molar absorptivity)

These variables are described by the Beer—Lambert law (A = cl), which defines the linear relationship between
absorbance (A), concentration (c), and pathlength (I) for a given molar absorptivity (€) (Figure 1).

The Equation: Effect of Concentration (c) Effect of Path Length (b)
jr— s b c G D) G B) G D) D)
* A = Absorbance ° .. N . i
* & = Molar Absorptivity L it
- °
* b = Pathlength oS
=} . .
Ce—— ey O <4
The equation can be rearranged to solve Low Short Path
for concentration: Concentration Length (b)
- *
C=A/ (8 b) More molecules - More light absorbed. Longer distance -» More light absorbed.

Figure 1. Relationship between absorbance, concentration, and pathlength in UV-Vis spectroscopy.
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This proportional relationship between absorbance and concentration is fundamental—and fundamentally non-
specific. The measurement detects intrinsic absorbance: any molecule that absorbs at 260 nm will contribute to the
signal. DNA absorbs at 260 nm. So does RNA. So do free nucleotides, oligonucleotides, and certain contaminants.

The UV-Vis method does not distinguish between molecule types. It reports total absorbance at the specific
wavelength, which is then converted to a concentration using the assumption that the absorbing species is pure
double-stranded DNA (or RNA, or single-stranded DNA, depending on the selected conversion factor).

This means the UV-Vis concentration value is accurate only when the assumption of a pure target analyte holds.
When it does not, the reported concentration will be inflated relative to the actual amount of target DNA.

UV-Vis provides additional diagnostic information through the 260/280 and 260/230 absorbance ratios. These purity
ratios are not available from any other standard quantification method and are a unique strength of
absorbance-based measurement.

Protein contamination produces a related but distinguishable pattern. Proteins absorb at 280 nm more strongly than
at 260 nm, and their presence depresses the 260/280 ratio (Table 1). A depressed 260/280 ratio combined with a
UV-Vis concentration higher than fluorescence suggests protein is contributing to the absorbance signal while not
affecting the fluorescence reading.

Table 1. Interpretation of A260/A280 ratios for assessing protein contamination in nucleic acid samples.

Contaminant Effect on A260

Reading Status Indicator Present Concentration Action Required

1.80 (DNA) to

2.00 (RNA) None Value is reliable Proceed

Unreliable - possibly

<1.7 Protein or Phenol overestimated Repurify, or use

(Denominator too high) fluorescence
High RNA content Unreliable LowTreat with RNase of use
>2.0/2.2 (in DNA prep) or (Numerator too high) specific quantification. Check
Acidic pH 9 correct blank used

Salt and organic solvent contamination operate through the 260/230 ratio (Table 2). Compounds such as guanidinium
salts, EDTA, phenol, and carbohydrates absorb strongly at 230 nm. An abnormally low 260/230 ratio indicates that
these contaminants are present at levels that may interfere with the absorbance measurement and, more importantly,
may inhibit downstream enzymatic reactions regardless of the concentration value used.
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Table 2. Interpretation of A260/A230 ratios for detecting buffer and organic contaminants in nucleic acid samples.

. . Contaminant Effect on A260 . .
Reading Status Indicator . Action Required
Present Concentration
2.0 tozazpprox None Value is reliable Proceed
Chaotropic Salts
<18 (e.g. Guanidine, Possible overestimated Repurify (critical, as salts can
’ Phenol, (contaminants boost A260) inhibit PCR)
Carbohydrates
Buffer/Solvent
>2.2 mismatch (rare) Unreliable Check blank and pH

or highly dilute
sample

2.3 The Importance of Pathlength: Microvolume vs. Cuvette at Low
Concentrations

One often overlooked factor in UV-Vis measurements is pathlength, the distance light travels through your sample.
Cuvette-based measurements use a fixed pathlength of typically 1 cm (considerably longer than a microvolume
measurement). This distance increases the interaction between light and the sample, producing a stronger
absorbance signal at low concentrations. Cuvette measurements are also better suited to kinetic assays,
temperature-controlled experiments, and OD600 measurements, where a fixed pathlength and controlled
environment are essential.

Microvolume instruments use very short pathlengths to accommodate high-concentration samples without requiring
dilution. In microvolume UV-Vis systems, you place a small droplet of sample onto a measurement pedestal, and a
second optical surface is lowered onto it. This compressed droplet forms a liquid column, commonly referred to as
a bridge, spanning the air gap between the two surfaces. Light passes through this bridge, and the distance between
the surfaces defines the optical pathlength of the measurement.

This setup works well when absorbance is high, but it becomes a limitation at low concentrations. With less material
in the light path, the absorbance signal can become too small relative to background noise, and the measurement is
unreliable. At dsDNA concentrations lower than 0.75 ng/pL, switching from microvolume to cuvette measurements
can improve sensitivity by increasing pathlength, before transitioning to fluorescence for ultra-low inputs (Figure 2).

For accurate results, the bridge must be stable, uniform, and properly formed across the optical surfaces. If the
sample spreads out instead of forming a defined droplet (due to contamination or loss of surface hydrophobicity),
the bridge can become irregular or collapse entirely. When this happens, the effective pathlength is no longer well-
defined, and the measurement may be inaccurate or fail. Because this process is not always obvious to the user, poor
bridge formation can go unnoticed unless you actively check how the sample behaves on the pedestal.
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@ MICROVOLUME Figure 2. Measurement range and crossover

points for microvolume UV-Vis, cuvette-based
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FLUOROMETER

2.4 Real-Time Pathlength Adjustment

Microvolume systems must handle samples across a wide concentration range, where the optimal pathlength
changes depending on the sample. To address this, many instruments incorporate automatic pathlength adjustment.
Some systems switch between a small number of predefined pathlengths. While effective, this stepwise approach
does not always match the optimal conditions for every sample.

More advanced systems use real-time pathlength adjustment, dynamically modifying the distance light travels
through the sample to keep absorbance within an optimal range. This automatic adjustment improves accuracy
across a wide concentration range and reduces variability caused by sample inconsistencies.

Technologies such as DeNovix's SmartPath™ extend this concept further by combining real-time pathlength
adjustment with additional measurement control. SmartPath™ incorporates checks to help ensure that a valid bridge
is formed during measurement, reducing the risk of inaccurate readings caused by broken sample columns. This is
particularly important when using proteins, as low surface tension can mean that stretched columns break.

The DS-11 Series, DS-8X, and Helium microvolume spectrophotometers use SmartPath™ technology for precise

pathlength control and optimal performance.

2.5 Best Practices for Reliable UV-Vis Medasurements

To get consistent, meaningful data from your UV-Vis system, follow these steps:

+  Optimize sample preparation by purifying samples and ensuring sufficient starting material.

+  Ensure sample surfaces are clean. Prevent the buildup of detergents or solvents that can interfere with samples
and baseline subtraction.

+ Match your blank to the exact buffer composition of your sample.

«  Maintain proper sample handling. Defrost and vortex samples to ensure a homogeneous mixture, avoid bubble
formation, and use calibrated pipettes.

+  Check purity ratios alongside concentration. Don't rely on the concentration value alone.

+  Stay within the detection range. Know the limits of your instrument. If your sample falls below reliable limits,
switch to fluorescence-based quantification.

«  Confirm proper droplet formation on microvolume systems before recording a result.
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Chapter 3

Fundamentals of Fluorescence

for Quantifying Biomolecules

UV-Vis absorbance gives you a fast estimate of total nucleic acid and a snapshot of sample purity. But in many
workflows, that’s only half the picture. A more appropriate question is often: how much of your specific target
molecule is actually present? Fluorescence-based quantification answers that question directly, by measuring only the
analyte you care about, using dyes designed to bind selectively to that target and nothing else.

3.1 The Physics Behind Fluorescence Detection

Fluorescence quantification works through a two-step optical process: excitation and emission. A dye—known as a
fluorophore—absorbs light at a specific wavelength, causing the dye to shift to a higher energy state. As it relaxes
back to its ground state, the dye releases that energy as light at a longer wavelength (Figure 1). This emitted light is
always lower energy than the excitation light, and the gap between the two wavelengths is known as the Stokes shift.
That shift is what makes fluorescence instruments so effective. By separating excitation and emission wavelengths,
the instrument can cleanly distinguish your signal from background.

' Excitation

Emission

Fluorophore
A chemical compound that can
re-emit light upon excitation

Emitted light is always
longer wavelength, lower
frequency

Figure 1. Principle of fluorescence: excitation, emission, and fluorophore binding.
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3.2 Binding Generates the Signal

The specificity of fluorescence comes down to what happens the moment the dye binds to its target. Many nucleic
acid dyes are weakly fluorescent when free in solution, but target-binding restricts the dye’s molecular motion and
increases the efficiency with which it emits light—a property known as quantum yield.

In practical terms, the dye effectively “switches on” when it binds to its target, generating a strong, specific signal,
while free dye in the solution contributes minimal background. That's what gives fluorescence its combination of
sensitivity and selectivity. To detect your fluorescence signal accurately, you'll need a fluorometer for fluorescent
quantification of biomolecules, such as the DS-11 Series or QFX from DeNovix.

Your instrument needs to illuminate your sample at the excitation wavelength while measuring light over a defined
emission wavelength range. Optical filters or monochromators handle this by largely blocking excitation light and
passing the emitted fluorescence from the bound dye. These excitation and emission signals are typically well
separated, which is why fluorescence can achieve such low background noise even in complex samples.

3.3 Using a Standard Curve for Quantification

Unlike UV-Vis, which calculates concentration directly from a physical law, fluorescence works by calibration against
known standards. In practice, you prepare a series of standards at known concentrations and add dye to both your
standards and your samples. You then measure the fluorescence intensity in relative fluorescence units (RFU),
generate a standard curve from the standards, and use it to interpolate your sample concentrations. Because the
signal depends on the dye chemistry and assay conditions, the quality of your standard curve directly determines the
quality of your results. So, this is a step worth taking seriously.

3.4 Sensitivity and Dynamic Range

If you're working with low-yield extractions, single-cell workflows, cell-free DNA, or degraded material, fluorescence is
often the only method that gives you a usable reading. However, higher sensitivity comes with trade-offs you need to
plan for. The dynamic range is narrower than UV-Vis, which means you'll often need to select the right assay kit (high-

sensitivity versus broad-range) based on your expected concentrations. DeNovix Fluorescence Assay Kits
give you the greatest sensitivity and widest dynamic range available today when used in conjunction with
DeNovix fluorometers.

Performance also depends on dye chemistry and binding efficiency, so assay compatibility matters. And crucially,
fluorescence provides no purity information at all. A sample can return an acceptable concentration value while still
containing inhibitors or contaminants that will cause problems downstream. That gap is exactly why UV-Vis remains a
valuable part of the workflow even when fluorescence is your primary quantification method.
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3.5 Best Practices for Reliable Fluorescence Measurements

Because fluorescence assays rely on consistent conditions, careful handling and setup are essential for reliable
results. It is recommended to follow these best practices:

* Handle dyes and reagents carefully
+  Protect dyes from light
+  Bring all reagents and samples to room temperature

+ Check assay compatibility and range
+  Confirm buffer compatibility with the assay
+  Ensure the assay dynamic range covers your sample concentrations

* Build a robust standard curve
Use appropriate standard concentrations
+ Use a standard relevant to your target analyte
« Treat standards and samples the same
+  Measure standards and samples in the same session

* Maintain consistent technique
Pipette carefully
+  Mix thoroughly, but avoid bubbles

* Understand your output
+  Fluorescence is reported in RFU
«  RFU values are instrument-specific and not directly comparable across systems

3.6 Putting Fluorescence to Work

Fluorescence earns its place in the workflow because it answers the question UV-Vis can't: not just how much nucleic
acid (or protein) is present, but how much of your specific target is actually there. That distinction becomes critical
when you're working with RNA-contaminated samples, complex tissue extracts like FFPE material, or samples
carrying residual proteins and reagents: situations where total absorbance gives you a number, but not a reliable one.
In these cases, fluorescence gives you a far more accurate picture of the usable DNA you have available for
downstream applications.

Fluorescence is the right method to reach for when you need target-specific quantification, when your samples are
at low concentration, or when a downstream application (e.g. NGS library preparation or qPCR input normalization)
demands accurate input mass. Used alongside UV-Vis rather than instead of it, fluorescence rounds out your
quantification workflow: UV-Vis screens quickly and flags contamination, fluorescence confirms your target
concentration with specificity, and the comparison between the two gives you a level of confidence that neither
method delivers on its own.
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Chapter 4

Combining Absorbance and
Fluorescence for Total Sample QC

By now, you have two powerful quantification tools at your disposal and you may have already noticed that they don't
always agree. UV-Vis and fluorescence answer different questions about your sample, and when you learn to read
the relationship between their results, you move from simple quantification to something far more useful: a complete
picture of sample quality that tells you exactly what to do next.

UV-Vis answers: how much total UV-absorbing material is in this sample? Fluorescence answers: how much of a
specific target analyte is in this sample? When a sample is pure—containing only the target biomolecule in clean
buffer—both questions converge on the same answer, and both methods should return similar values. When the
sample is not pure, the answers diverge, and the degree of divergence reflects the degree of contamination or
complexity.

A practical combined workflow follows a logical sequence. You start with UV-Vis because it's fast and requires no
preparation. Measure your concentration, check your purity ratios, and look at the spectral shape. This screen gives
you an immediate read on whether the sample looks clean and whether the concentration is in a workable range.
Then you confirm with fluorescence. This gives you your target-specific concentration: the number you'll actually use
to set up your downstream application. Now you have two values, and the relationship between them is where the real
decision-making begins.

4.1 Resolving Conflicts Between Quantification Methods

UV-Vis and fluorescence methods often return different concentrations for the same sample. The discrepancy
between values follows predictable patterns determined by the composition of the sample. Recognizing these
patterns is the first step toward accurate interpretation.

UV-Vis Value Higher Than Fluorescence

The most common scenario you'll encounter is UV-Vis reporting a higher concentration than fluorescence. This
discrepancy tells you something specific. UV-Vis is picking up everything in the sample: dsDNA, RNA carryover, free
nucleotides, residual extraction reagents, and proteins. The gap between the two values reflects the non-target
material present in your sample. A small gap is often acceptable. A large gap warrants investigation and possibly a
re-purification step before you commit the sample to a sensitive downstream application like NGS or qPCR.
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A frequent cause of a higher UV-Vis reading is RNA contamination. RNA absorbs at 260 nm with nearly the same
extinction coefficient as DNA. UV-Vis absorbance cannot distinguish between the two and reports the combined total.
A dsDNA-specific fluorescence dye, however, does not bind RNA. The fluorescence value reflects DNA alone. The
observable signature: a sample where UV-Vis reports a substantially higher concentration than fluorescence, while
purity ratios remain within expected ranges for nucleic acid (Figure 1).

Absorbance Fluorescence
Concentration 322 ng/pL 214 ng/puL Sample 1
Conclusion
260/ 280 1.82 Sample may have nucleic acid contamination

(free nucleotides / DNA / RNA)

260/ 230

Figure 1. Absorbance and fluorescence values for a typical profile where the sample may have nucleic acid contamination.

Protein contamination shows up differently from RNA contamination. Proteins absorb strongly at 280 nm and
therefore cause a lower 260/280 ratio. If that lowered ratio appears alongside a UV-Vis value that exceeds the
fluorescence result, the likely explanation is that protein is adding to the absorbance signal while the fluorescence
assay continues to report only the target analyte (Figure 2).

Absorbance Fluorescence

Concentration 322 ng/puL 214 ng/puL Sample 2
Conclusion
260/280 A “ Sample may have Protein / Phenol
contamination, overestimating nucleic

acid concentration

260/230 A

Figure 2. Absorbance and fluorescence values for a typical profile where the sample may have protein or phenol contamination.
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Salt and organic solvent contamination are identified through the 260/230 ratio. Compounds such as guanidinium
salts, EDTA, phenol, and carbohydrates absorb strongly at 230 nm. An abnormally low 260/230 ratio indicates that
these contaminants are present at levels that may interfere with the absorbance measurement and, more importantly,
may inhibit downstream enzymatic reactions regardless of which concentration value is used.

Finally, buffer composition can introduce discrepancies independent of the nucleic acid itself. Some elution buffers or
storage solutions contain components that absorb in the UV range. These buffer-related interferences can inflate
UV-Vis readings without affecting fluorescence, producing the same UV-Vis-greater-than-fluorescence pattern as
contamination. Blanking with the appropriate buffer can help identify or correct for this effect.

Fluorescence Value Higher Than UV-Vis

The less common discrepancy scenario is fluorescence returning a usable reading while UV-Vis returns a value near
zero. This typically happens at very low concentrations, where absorbance signals become dominated by background
noise. Here, fluorescence is the more reliable measurement, and you should trust it. Your sample may be dilute, but
it's workable, and you now have an accurate input value to proceed with.

Degraded or heavily fragmented DNA introduces additional complexity. UV-Vis absorbance is largely insensitive to
fragment size—the chromophores responsible for UV absorption remain intact regardless of whether the DNA
backbone is sheared. Fluorescence dyes, designed to intercalate into or bind along double-stranded regions, may
respond differently to severely degraded samples with extensive single-stranded regions or very short fragments.

Whether and how much fragmentation affects dye binding efficiency is not fully established for all assay formats, and
the degree of impact likely depends on the specific dye chemistry and the extent of degradation. In some cases, this
may produce a UV-Vis value that exceeds the fluorescence value independently of contamination. To reduce bias from
degradation-related differences in dye response, use a standard that is as similar to your test samples as possible.

Similar Values With Both Methods

When both methods return similar values, you're in the best position. Agreement between UV-Vis and fluorescence
is a strong indicator that your sample is clean, contamination is minimal, and the concentration you’re working with
is genuinely representative of your target (Figure 3). At this point, either value is likely appropriate depending on your
application, and you can move forward with confidence.
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Absorbance Fluorescence

Concentration 322 ng/uL 315 ng/uL Sample 3

Conclusion
260/ 280 1.82 Good quality sample—proceed with
application

260/ 230

Figure 3. Absorbance and fluorescence values for a typical profile where the sample is of good quality.

Each of the outcomes discussed above points you toward a clear next step: proceed, re-purify, dilute, or adjust your
input amount. And for some applications, like NGS, it isn’t just helpful that you obtain both absorbance and
fluorescence measurements—it’s really important [3].

4.2 An All-in-One Solution

The main practical objection to running both methods is the time and variability introduced by switching between
instruments. If you're moving a sample from a UV-Vis system to a separate fluorometer, you're adding handling steps,
increasing the risk of pipetting errors, and making it harder to directly compare results.

Integrated systems overcome this awkward switching step. The DeNovix DS-11 FX Spectrophotometer / Fluorometer
models combine microvolume UV-Vis and integrated fluorescence into a single platform. The DS-11 FX+ model

has the additional benefit of cuvette absorbance for greater sensitivity (Table 1). You can run your absorbance
measurement and your fluorescence assay on the same device, compare the results immediately in the same
software, and make your quality control decision without ever leaving your workstation. Because the comparison

happens at the point of measurement, discrepancies are easier to catch early—and before they become downstream
problems.

UNMATCHED VERSATILITY |
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Table 1. The DS-11 FX+ Spectrophotometer / Fluorometer absorbance and fluorescence feature comparison [4].

Feature Absorbance Fluorescence

(s:gn 7i|:il‘.’ictl‘;DNA) 075 00008

Specificity Measure;sllégx;asbsorbing Target-specific

'()n‘g‘j":li_" dz;':f:) 37500 4000

Sample Volume (pL) 0.5-1 1-20
(D:gﬁgkination Provides puriir;rgg%c:ntamination No purity/contamination information
Assay Cost No cost per sample Range of assays

Speed Load and measure in seconds Assay set up required

Combining absorbance and fluorescence provides you with a more complete assessment of sample quality. A lab
that systematically records both values builds a dataset that reveals extraction quality trends, flags recurring
contamination issues, and supports process improvement over time. By understanding what each method reveals
and how to interpret the relationship between them, you can make more confident decisions and reduce the risk of
downstream failure.
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Directory of DeNovix Products for
Unmatched Sensitivity and Specificity

DS-Series instruments offer choices of 1uL UV-Vis, cuvette UV-Vis, and fluorescence modes. Explore our model
offerings to find the perfect fit for your lab’s quantification needs. To learn more about DS-Series Spectrophotometers
/ Fluorometers, visit denovix.com/products/ds-series or scan the QR codes below.

World’s Top-Rated 1pL Spectrophotometer Flexible Export and Connectivity
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Spectrophotometer / Fluorometer Eight Channel Spectrophotometer Spectrophotometer
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