
DNA detection using Laser Transmission Spectroscopy 

F. Li*, A.R. Mahon***, M.A. Barnes**, S. Egan**, J. Feder**, D.M. Lodge**, C.-T. Hwang*, R. Schafer*, 
S.T. Ruggiero*, C.E. Tanner* 

 
*Department of Physics, and 

**Center for Aquatic Conservation and Department of Biological Sciences, 
University of Notre Dame, Notre Dame, Indiana 46556, USA 

***Institute for Great Lakes Research and Department of Biology,  
Central Michigan University, Mount Pleasant, Michigan 48858, USA 

 
ABSTRACT 

 
Laser transmission spectroscopy (LTS) [1] is a new 

quantitative and rapid technique for measuring the size, 
shape, and number of nanoparticles in suspension. We 
report on the application of LTS as a novel detection 
method for species-specific DNA where the presence of 
one invasive species was differentiated from a closely 
related invasive sister species. The method employs 
carboxylated polystyrene nanoparticles functionalized with 
short DNA fragments that are complimentary to a specific 
target DNA sequence. In solution, the DNA strands 
containing targets bind to the tags resulting in a sizable 
increase in the nanoparticle diameter, which is rapidly and 
quantitatively measured using LTS. DNA strands that do 
not contain the target sequence do not bind and produce no 
size change of the carboxylated beads. The results show 
that LTS has the potential to become a quantitative and 
rapid DNA detection method and have additional 
applications for point-of-care medical diagnostics. 
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1 INTRODUCTION 
 
We report the application of LTS technology as a DNA 

diagnostic tool. Rapid quantitative DNA detection can 
impact many economically important endeavors such as 
invasive-species research, medical diagnostics, drug 
development, environmental health, and the search for 
exotic life forms. The ability to rapidly and quantitatively 
distinguish between target and non-target organisms at the 
point of contact is a critical challenge for DNA detection 
protocols. For example, invasive species cost the US 
hundreds of billions of dollars annually in agriculture 
losses, environmental harm, and disease outbreaks [2, 3]. 
DNA detection also represents an important tool in the 
identification of pathogens or diseases such as cancer [4]. 

Established DNA detection techniques include gel 
electrophoresis, fluorescence approaches, and lab-on-chip 
methods. The lab-on-a-chip methods include various 
combinations of nanochannels, microfluidics, and 

microarrays along with observations made by electronic, 
visual, or fluorometric means. With fluorescence 
approaches the amount of DNA in the sample can range 
from 3.8 x 1013 to 1.5 x 1017 nucleotides/mL, while the 
other methods typically require >1017 nucleotides/mL. Due 
to the quantity of DNA required, these techniques often 
depend on polymerase chain reaction (PCR) as a first step. 
In general, these techniques have limitations due to high 
cost, relatively low throughput in terms of sample number 
and detection time, and high dependence upon sample 
preparation. Related to DNA detection is the question of 
whether PCR amplification as a required first step can be 
eliminated. Work in this area by members of this team and 
others has included systems based on carbon nanotubes [5, 
6, 7], microfluidic streams [8, 9], silicon nanowire sensors 
[10], nanoparticle multilayers [11], magnetic nanobeads 
[12], organic transistors [13], motion-based sensors using 
catalytic nanowires [14], functionalized hydrogels or 
nanoparticles [15], DNA sandwich assays [16], and 
nanowire arrays [17]. There is much still to be gained from 
improvements in DNA detection technology. Whereas the 
portability, functionality, and reliability of these approaches 
in the field remain to be seen, based on our experience, 
laser transmission spectroscopy (LTS) represents a 
promising new approach for PCR elimination in the field. 

 
2 MATERIALS AND METHODS 

 
LTS is based on measuring wavelength-dependent light 

transmittance through a sample containing suspended 
nanoparticles (Fig. 1) over a wave length range from ~300 
to 1000 nm. Other light based nanoparticle characterization 
techniques rely on diffraction and/or scattering [18, 19, 20].  

 
Figure 1: Schematic diagram of DNA detection using LTS. 
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Ref. 1 describes the apparatus and data analysis in detail. 
The transmission of light through a sample cell containing 
suspended particles is compared to another sample 
containing only suspension fluid, and the extinction is 
determined. The data are analyzed and inverted by a 
computer algorithm that outputs the particle size 
distribution. Fig. 2 shows the LTS particle size distribution 
obtained for the 209 nm carboxylated polystyrene beads 
used in these measurements. 

 
Figure 2. Comparison between LTS and DLS results. The 
plot shows the particle size distributions obtained for 
209 nm carboxylated polystyrene beads in water using: the 
original table-top LTS apparatus (solid blue line); a 
transportable LTS based instrument (solid red line); and a 
commercial DLS based instrument (dash-dot-dot-dot line). 
LTS has resolving, selective, and quantitative abilities that 
far exceed those of DLS. 
 

The LTS measurements (Fig. 2) were done in two ways: 
first with our original LTS table-top apparatus having an 
acquisition and analysis time of ~ 1 hour; second with an 
automated transportable LTS based apparatus having a data 
acquisition time of ~100 ms and analysis time of ~ 1 min. 
The LTS distributions are narrow (FWHMs of 2.9 nm table 
top, and 2.5 nm transportable) and quantitative (area under 
the curves of 5.1 x 1010 and 5.2 x 1010 particles/mL 
respectively, i.e. ~0.5 nanomolar). Fig. 2 also shows the 
particle size distribution (FWHM 85 nm) obtained using the 
common commercial technique, dynamic light scattering 
(DLS) or photon correlation spectroscopy (PCS). As shown 
LTS has at about thirty times higher resolution and the 
capability of quantitatively determining the number density 
of nanoparticles in solution. In contrast, DLS has a much 
broader instrument function and can only produce a relative 
particle size distribution. The sensitivity limit of LTS 
reported in Ref. [1] for 1025 nm polystyrene spheres is 
~3580 particles/mL (i.e. 3.5x10-17 molar), which is 106 
times more sensitive than DLS for the same particles. The 
precision, accuracy, sensitivity, and resolution of LTS using 

NIST traceable polystyrene particles are detailed in Li et al. 
[1] where these properties are quantified for the size range 
important for DNA detection (~50-1000 nm). The 
quantitative and rapid features of LTS may prove to be 
advantageous for many DNA detection applications [21] 
especially those requiring a portable field instrument such 
as invasive species detection. 

The work presented here utilizes carboxylated 
polystyrene nanobeads (manufacturer’s stated diameter of 
209 nm [22]) functionalized with species-specific 
oligonucleotides (tags) that bind to species-specific DNA 
sequences (targets). LTS has more than sufficient resolution 
(3 nm for mixtures) to detect the large diameter increase 
(100s of nm) that occurs when DNA strands containing 
targets hybridize with tags on the surface of the 
functionalized nanobeads. With LTS, the number of beads 
and their change in diameter are quantifiably measured. 
Two closely related invasive mussels were used in these 
studies to demonstrate the selectivity of LTS with respect to 
target and non-target DNA sequences. The data show that 
LTS can distinguish a species-specific DNA sequence of 
the invasive quagga mussel (Dreissena bugensis) from that 
of the evolutionarily related sister species, zebra mussel 
(Dreissena polymorpha), and the common planktonic 
cladoceran, (Daphnia magna). To demonstrate the general 
efficacy of LTS for DNA detection, the work presented 
here uses pre-screened PCR amplified mitochondrial DNA 
fragments from quagga mussels as targets. Details of the 
bead preparation procedure are described in [23]. 

The tag used for functionalizing the beads is a 28 base 
oligonucleotide that is species-specific to the quagga 
mussel (D. bugensis). The biomarker is within the 
mitochondrial cytochrome c oxidase subunit I (COI) gene. 
Across the 28 bases of the tag, the quagga mussel (target 
species) differs by 7 nucleotides from the zebra mussel (D. 
polymorpha non-target species) and by 12 nucleotides from 
the common cladoceran (Daphnia magna also a non-target 
species). These biomarkers were previously published by 
Mahon et al. [24]. 

Genomic DNA used for PCR amplification was 
extracted from quagga mussel and zebra mussel muscle 
tissue and from the whole cladoceran organism using a 
Qiagen DNEasy extraction kit (Qiagen, Inc.). PCR 
amplification was performed on each extraction as 
described by Mahon et al. [13] using universal invertebrate 
primers [HCO-2198 and LCO-1490; xiv]. The reaction 
targeted and exponentially amplified a ~600 base pair 
section of the mitochondrial cytochrome c oxidase subunit I 
gene for both target and non-target species. The PCR 
product (double stranded DNA) from each organism was 
denatured then immediately chilled on ice. Following this, 
10 uL of each were combined with 20 uL of functionalized 
beads (concentration 1.04 x 109/mL) at 48°C for one 
minute. The three samples containing DNA-plus-beads 
were placed in separate quartz spectrometer cells and 
analyzed by LTS with respect to a reference cell containing 
all the components used in preparing the DNA-plus-bead 
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samples, excluding the DNA and the tagged beads. A 
control sample, which contained the tagged beads without 
DNA, was also run with respect to the same reference 
sample. 

 
Figure 3. DNA detection using LTS. In A, B, C, and D the 
dashed red curve is the LTS particle size distribution of 
beads functionalized with quagga mussel tags. In B the 
solid red curve is the LTS particle size distribution obtained 
after quagga functionalized beads were exposed to 
denatured quagga mussel DNA where positive DNA 
detection is indicated by the peak at 468 nm. In C and D the 
solid green and solid blue curves are the particle size 
distributions after quagga functionalized beads were 
exposed to denatured non-target DNA, zebra mussel and 
cladoceran respectively, where the absence of particles at 
larger sizes indicates a null response to non-target DNA. 
 

3 RESULTS 
 
First, Fig. 3A shows results for the control sample 

where tagged functionalized beads unexposed to DNA are 
seen to have a maximum in the particle-size distribution at 
230 nm. As expected, note that with the tags attached, the 
LTS particle size distribution has shifted slightly and is 
broader than for the carboxylated beads alone (Fig. 2). 
Next, Fig. 3B shows that after exposure to target DNA 
some tagged beads increased in size after hybridization, 
producing a new peak in the particle-size distribution at 468 
nm, indicating positive DNA detection of the target species. 
As indicated by the ratio of the areas under each peak, 
approximately 2 percent of the beads hybridized with the 
target DNA. This was likely due to an excess of 
functionalized beads, whereby not all functionalized beads 
were hybridized. The results of Rivetti and Codeluppi [25] 
imply that the amplified PCR product, here the 
mitochondrial COI fragment from quagga mussel, should 
remain flexible in solution [26], which would account for 
the observed size of 468 nm, an increase of 238 nm. In 

contrast, Figs. 3C and 3D show the results for tagged beads 
exposed to the DNA of non-target species. In both cases, 
LTS gives a similar particle-size distribution with only a 
single peak at 230 nm, indicating negative DNA detection 
results for both cases. 

Denatured fragments (ssDNA 600 neuclotides long) free 
floating in solution were also measured with LTS. The 
results showed that the fragments had an average diameter 
of ~150 nm and that the distribution had a full width at half 
maximum ~50 nm. In addition, the concentration of 
suspended fragments in this sample was measured with 
LTS to be 9x108 particles/mL (~5.4x1011 nucleotides/mL), 
orders of magnitude less than is required by established 
DNA detection techniques. Using simple geometrical 
models based on area and volume change for the beads 
before and after attachment of the DNA by hybridization, 
we can reasonably assume that the number of attached 
fragments ranges from 10 to 30. Because we see a narrow 
size distribution for particles with bound DNA, we assume 
that a well-defined significant fraction of each particle was 
coated with DNA. If the beads were not consistently 
hybridized, we believe there would be a correspondingly 
broad distribution for the second peak. 
 

4 DISCUSSION 
 
Our results show that laser transmission spectroscopy 

(LTS) can be used as a generalized method for quantitative 
and rapid species-specific DNA detection, and has the 
potential to distinguish genetic variations within a given 
species (e.g., different genetic populations of organisms, 
strains, etc.). Specifically, LTS in conjunction with 
functionalized nanobeads can successfully discriminate 
species-specific target DNA from closely related non-target 
DNA. Two closely related species, both invasive to North 
American freshwater systems (Dressina bugensis and D. 
polymorpha) and a common planktonic cladoceran 
(Daphnia magna) were used to demonstrate the selectivity 
of LTS as a DNA detection method. The technique 
therefore has the potential to serve generally as a means of 
detecting DNA from any source or distinguish genetic 
variation within a given species or strain of pest or 
pathogen. With this work, we have demonstrated the basic 
premise of DNA detection by LTS in the laboratory. The 
LTS technique has benefits over established DNA detection 
techniques in that it takes only a few seconds to genetically 
score a sample for species presence/absence, the required 
concentration of DNA in the sample is orders of magnitude 
less, and in our experience is much more cost effective than 
current quantitative PCR technology. Future work will 
clarify the broad utility of LTS, transition current lab-based 
success to the field, and quantify sensitivity by determining 
the lower concentration bounds for DNA detection by LTS. 
The reduction or elimination of requisite PCR steps has the 
potential to make LTS a powerful new addition to the DNA 
detection arsenal. 
 

NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6276-9 Vol. 3, 201250



REFERENCES 
 

1. Li F, Schafer R, Hwang C-T, Tanner CE, and Ruggiero 
ST, “High-precision sizing of nanoparticles by laser 
transmission spectroscopy”, Appl Optics 49: 6602-
6611, 2010. 

2. Pimentel D, Lach L, Zuniga R, Morrison D, 
“Environmental and economic costs of 
nonindigenous species in the United States,” 
Biosciences 50(1): 53-65, 2000. 

3. Lodge DM, Williams S, MacIsaac H, Hayes K, Leung 
B, et al., “Biological invasions: recommendations for 
policy and management,” Ecological Applications 
16: 2034-2054, 2006. 

4. Bailey VJ, Easwaran H, Zhang Y, Griffiths E, 
Belinsky SA, Herman et al., “MS-qFRET: A 
quantum dot-based method for analysis of DNA 
methylation,” Genome Res. 19: 1455-1461, 2009. 

5. Li J, Ng HT, Cassell A, Fan W, Chen H, et al., 
“Carbon Nanotube Nanoelectrode Array for 
Ultrasensitive DNA Detection,” Nano Letters 3(5): 
579-602, 2003. 

6. Basuray S, Senapati S, Ajian A, Mahon AR, Chang H-
C, “Shear and AC Field Enhanced Carbon Nanotube 
Impedance Assay for Rapid,” Sensitive and 
Mismatch- Discriminating DNA Hybridization, ACS 
Nano 3(7): 1823-1830, 2009. 

7. Mahon AR, Barnes MA, Senapati S, Feder JL, Darling 
JA, et al., “Molecular Detection of Invasive Species 
in Heterogeneous Mixtures Using a Microfluidic 
Carbon Nanotube Platform,” PLoS ONE 6(2): 
e17280 1-5, 2011. 

8. Interuniversity Microelectronics Centre, 27 Dec 2010, 
“Breakthrough towards lab-on-chip system for fast 
detection of single nucleotide variations in DNA,” 
ScienceDaily, Available via the Internet: 
http://www.sciencedaily.com/releases/2010/12/1012
10075918.htm, Accesssed 9 Jan 2011. 

9. Yamashita K, Yamaguchi Y, Miyazaki M, Nakamura 
H, Shimizu H, et al., “Sequence-selective DNA 
detection using multiple laminar streams: A novel 
microfluidic analysis method,” Lab Chip 4(1): 1-3, 
2004. 

10. Hahm J, Lieber CM, “Direct Ultrasensitive Electrical 
Detection of DNA and DNA Sequence Variations 
Using Nanowire Nanosensors,” Nano Letters 4(1): 
51–54, 2004. 

11. Tsai C-Y, Chang T-L, Chen C-C, Ko F-H, Chen P-H, 
“An ultra sensitive DNA detection by using gold 
nanoparticle multilayer in nano-gap electrodes,” 
Microelectronic Eng 78–79: 546–555, 2005. 

12. Stromberg M, Gomez de la Torre TZ, Goransson J, 
Gunnarsson K, Nilsson M, et al., “Multiplex 
Detection of DNA Sequences Using the Volume-
Amplified Magnetic Nanobead Detection Assay,” 
Anal. Chem. 81: 3398–3406, 2009. 

 
13. Khan HU, Roberts ME, Johnson O, Förch R, Knoll 

W, et al., “In Situ, Label-Free DNA Detection Using 
Organic Transistor Sensors,” Adv. Materials 22: 
4452-4456, 2010. 

14. Wu J, Kagan D, Balasubramanian S, Manesh K, 
Campuzano S, Wang J, “Motion-based DNA 
Detection using catalytic nanomotors” Nature 
Communications 1(36): 1-6, 2010. 

15. Baeissa A, Dave N, Smith BD, Liu J, “DNA-
Functionalized Monolithic Hydrogels and Gold 
Nanoparticles for Colorimetric DNA Detection,” 
ACS Appl Mater Interfaces 2(12): 3594–3600, 2010. 

16. Ferapontova EE, Hansen MN, Saunders AM, 
Shipovskov S, Sutherland DS, et al., 
“Electrochemical DNA sandwich assay with a lipase 
label for attomole detection of DNA,” Chem. 
Commun. 46: 1836-1838, 2010. 

17. Chen XJ, Roy S, Peng YF, Gao ZQ, “Electrical 
sensor array for polymerase chain reaction-free 
messenger RNA expression profiling,” Analytical 
Chemistry 82(14): 5958-5964, 2010. 

18. Bohren CF, Huffman DR, “Absorption and scattering 
of light by small particles,” A Wiley-Interscience 
Publication, New York: John Wiley & Sons, 2000. 

19. Berne BJ, Pecora R, “Dynamic Light Scattering: With 
Applications to Chemistry, Biology, and Physics,” 
New York: Dover Publications Inc., 2000. 

20. Mishchenko MI, Travis LD, Lacis AA, “Scattering, 
Absorption, and Emission of Light by Small 
Particles,” Cambridge: Cambridge University Press, 
2002. 

21. Darling JA, Blum MJ, “DNA-based methods for 
monitoring invasive species: a review and 
prospectus,” Biological Invasions 9: 751-765, 2007. 

22. Beads purchased from Polysciences, Inc., Available 
via the Internet.: http://www.polysciences.com/, 
Accessed 19 July 2011. 

23. Li F, Mahon AR, Farnes MA, Feder J, Lodge DM, 
Hwang C-T, Schafer R, Ruggiero ST, Tanner CE, 
“Quantitative and Rapid DNA Detection by Laser 
Transmission Spectrocopy,” PLoS One, 6, e29224,  
Dec 2011. 

24. Mahon AR, Barnes MA, Senapati S, Feder JL, 
Darling JA, et al., “Molecular Detection of Invasive 
Species in Heterogeneous Mixtures Using a 
Microfluidic Carbon Nanotube Platform,” PLoS 
ONE 6(2): e17280 1-5, 2011. 

25. Rivetti C, Codeluppi S, “Accurate length 
determination of DNA molecules visualized by 
atomic force microscopy: evidence for a partial B- to 
A-form transition on mica,” Ultramicroscopy 87: 55-
66, 2001. 

26. Henegariu O, Grober L, Haskins W, Bowers PN, 
State MW, et al., “Rapid DNA fiber technique for 
size measurements of linear and circular DNA 
probes,” BioTechniques 31: 246-250, 2001. 

NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6276-9 Vol. 3, 2012 51




