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Abstract

The single cell gel electrophoresis assay, also known as the comet assay, is a versatile method for 
measuring many classes of DNA damage, including base damage, abasic sites, single strand breaks 
and double strand breaks. However, limited throughput and difficulties with reproducibility have 
limited its utility, particularly for clinical and epidemiological studies. To address these limitations, we 
created a microarray comet assay. The use of a micrometer scale array of cells increases the number of 
analysable comets per square centimetre and enables automated imaging and analysis. In addition, 
the platform is compatible with standard 24- and 96-well plate formats. Here, we have assessed the 
consistency and sensitivity of the microarray comet assay. We showed that the linear detection range 
for H2O2-induced DNA damage in human lymphoblastoid cells is between 30 and 100 μM, and that 
within this range, inter-sample coefficient of variance was between 5 and 10%. Importantly, only 20 
comets were required to detect a statistically significant induction of DNA damage for doses within 
the linear range. We also evaluated sample-to-sample and experiment-to-experiment variation and 
found that for both conditions, the coefficient of variation was lower than what has been reported 
for the traditional comet assay. Finally, we also show that the assay can be performed using a 4× 
objective (rather than the standard 10× objective for the traditional assay). This adjustment combined 
with the microarray format makes it possible to capture more than 50 analysable comets in a single 
image, which can then be automatically analysed using in-house software. Overall, throughput is 
increased more than 100-fold compared to the traditional assay. Together, the results presented here 
demonstrate key advances in comet assay technology that improve the throughput, sensitivity, and 
robustness, thus enabling larger scale clinical and epidemiological studies.

Introduction

The single cell gel electrophoresis assay, also known as the comet 
assay, has become increasingly popular since it was first developed by 
Ostling and Johansan in 1984 (1–3). Based on the principle that dam-
aged DNA migrates more readily than undamaged DNA when elec-
trophoresed, DNA damage can be quantified by analysing images of 
electrophoresed nuclei. The comet assay enables detection of several 
classes of damage, including alkali sensitive sites, abasic sites, single 
and double strand breaks. Although the comet assay has become a 

broadly accepted approach for DNA damage analysis, throughput, 
sensitivity and reproducibility have been suboptimal. Many research-
ers have worked over the past decades to modify the original protocol 
to cater for the requirement of large-scale studies. These modifica-
tions range from assay protocol optimisation to improve sensitivity 
(4–7), to inclusion of internal standards to overcome inconsistency 
issues across samples and laboratories (8–11). Others have worked 
on advancing the hardware of assay to improve and facilitate process-
ing of larger sample sizes (12, 13). Here, we describe a new approach 
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for improving the comet assay that involves creation of a microarray 
of comets. Compared to the traditional comet assay, the ‘CometChip’ 
offers significantly greater throughput as well as robust sensitivity.

To create a CometChip, microfabrication technologies are used to 
create an array of silicon posts. The mold is then pressed into molten 
agarose, and after gelling and removing the mold, an array of micro-
wells is formed in agarose. A  solution of mammalian cells is then 
placed on top of the agarose and cells are then loaded into the well by 
gravity. Excess cells can then be removed by sheer force and an array 
of cells embedded in agarose remains (14, 15) (Figure 1A). The micro-
array approach not only improves throughput, but it also demon-
strates significant advances in data quality (14, 15). The CometChip 
has been used for a many applications since it was first developed. 
These studies range from determining specific genotoxic impact of 
chemicals, to screening for the DNA damaging effects of nanoparti-
cles (16–18). The CometChip has also opened doors to epidemiologi-
cal studies that require processing of dozens of samples in parallel.

To reveal the strengths and weaknesses of the CometChip, here 
we have assessed the sensitivity of the assay and the variability 
among comets and among samples. We have determined the linear 
range of detection in response to H2O2 and ionizing radiation (IR). 
We then explored the utility of lower magnification imaging with the 
aim of improving throughput, and to learn about consistency, we 
have assessed well-to-well, chip-to-chip and experiment-to-experi-
ment variability. Finally, as previous studies have shown that scor-
ing more comets can improve sensitivity of the traditional comet 

assay (4), we have also examined the impact of the number of comets 
scored on the sensitivity the assay. Together, the results described 
here provide detailed assessment of the sensitivity, reproducibility, 
and robustness of the micropatterned comet assay.

Materials and methods

Cell culture
TK6 human lymphoblasts were cultured in suspension in 1× Roswell 
Park Memorial Institute (RPMI) medium 1640 with l-glutamine 
(Invitrogen) supplemented with 10% horse serum (Invitrogen) and 
1% penicillin and streptomycin (100 units/ml penicillin, 100 µg/ml 
streptomycin) (Invitrogen) at 37°C, 5% CO2.

CometChip fabrication
CometChip were fabricated using a Polydimethylsiloxane (PDMS, 
Dow Corning) mold made in house, as described in Wood et  al. 
(14) and Weingeist et  al. (15) Briefly, molten 1% normal melting 
point agarose (Invitrogen) was applied to a sheet of GelBond film 
(Lonza), and allowed to gel with the PDMS mold on top. Removal 
of the PDMS mold reveals a ~300 μm thick gel with arrayed micro-
wells (Figure 1A). The microwell gel was then clamped between a 
glass plate and a bottomless 96-well titer plate (Greiner BioOne) 
to create the 96-well CometChip (Figure 1B). At least 50 000 cells 
were added to each well of the 24-well Cometchip and allowed to 

Figure 1.  Creating and using the CometChip. (A) Microfabricated mold creates precision microwells that can be loaded with single or groups of cells. Schematics 
is adapted from (16). (B) Assembly of CometChip with zoomed-view of embedded wells. (C) Representative image of arrayed microwell comets collected using 
10× objective lens. Scale bar indicates 100 μm. (D) Representative image of randomly distributed traditional comets. (E) Comet analysis delineating head and 
tail. The three dotted lines mark beginning of head, end of head/start of tail, end of tail, respectively. (F) Experimental flow of CometChip assembly and usage. 
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settle by gravity in complete growth media at 37°C, 5% CO2. Excess 
cells were aspirated after 15–30 min and the bottomless plate was 
removed in order to capture the arrayed cells in a layer of 1% low 
melting point agarose (Invitrogen).

Chemical treatments
Hydrogen peroxide (H2O2) (Sigma) was diluted to desired concen-
trations in 4°C phosphate buffered saline (PBS) immediately before 
usage. The bottomless 96-well plate was re-aligned to original posi-
tion on the CometChip to allow dosing of individual macrowells 
with 100  μl H2O2. Treatment was performed at 4°C for 20 min. 
Negative controls were dosed with PBS under same conditions.

Exposure to ionising radiation
After encapsulation in agarose, cells were irradiated on ice using a 
caesium irradiator, Gammacell 40Extractor various doses (1, 2, 4, 6, 
8, 10, 15, 20 Gy) at a rate of 1 Gy/min.

Alkaline comet assay
The alkaline comet assay was performed as previously described.
(14, 16) Briefly, gels were lysed overnight at 4°C (10 mM Tris–HCl, 
100 mM Na2EDTA, 2.5 M NaCl, pH 10 with 1% Triton X-100 
added 20 min before use). After lysis, gels were transferred to an 
electrophoresis chamber filled with alkaline unwinding buffer (0.3 M 
NaOH and 1 mM Na2EDTA) for 40 min at 4°C. Electrophoresis was 
conducted with the same buffer at 4°C for 30 min 1 V/cm and 300 
mA.

Fluorescence imaging and comet analysis
After electrophoresis, gels were neutralised in 0.4 M Tris, pH 7.5 
(2 × 15 min) and stained with SYBR Gold (Invitrogen). Images were 
captured using an automated epifluorescent microscope and ana-
lysed using custom software written in MATLAB (The Mathworks) 
(14).

Results

Creating a 96-well CometChip
A silicon mold with pegs 40 μm in diameter on a grid with 250 μm 
between pegs was placed onto molten agarose. Removing the mold 
reveals a microwell array in agarose (Figure 1A). The slab of agarose 
with the microwell surface is then clamped to bottomless 96-well 
plate such that each well of the 96-well plate harbours ~300 micro-
wells (Figure 1B). For clarification of nomenclature, the term ‘mac-
rowell’ is used to refer to wells of the 96-well plate. Solutions of 
single cells are then added to the macrowells and cells are allowed to 
settle into the microwells on the bottom surface. Excess cells are then 

removed by aspiration and a layer of agarose is added to capture the 
cells. Once cells are captured, treatment is performed in the mac-
rowells and analysis is performed according to standard conditions 
(Figure 1F) (19). Cells are then stained with SYBR gold and imaged 
under a 10× objective. Since comets are on the same plane (com-
pared to randomly scattered traditional comets, Figure 1E), a single 
image is effective for capturing 9–12 analysable microwell comets 
(Figure 1C). The uniform head morphology, provided by the micro-
well geometry, also simplifies the identification of head/tail transi-
tion, ensuring consistent comet measurements (Figure 1D).

H2O2 dose response
Initial studies were aimed at assessing the limits of detection for 
cells exposed to oxidative damage via treatment with H2O2 on the 
CometChip. The ability to extrapolate a standard response curve is 
important for determining an effective dose range for assessing cel-
lular responses. We previously described an X-ray IR dose response 
curve performed on the CometChip and showed that results were 
comparable to results using traditional slides (14). Here, we have 
extended these studies to evaluate exposure to a chemical agent and 
furthermore, we set out to determine the upper and lower limits of 
detection. Human lymphoblast TK6 cells were loaded into the mac-
rowells of CometChip. Approximately three cells settled into each of 
the microwells (previous studies show that comparable results are 
observed for single cells and clusters of cells) (14, 15). Excess cells 
were then removed and a layer of agarose was added to the surface 
to capture the cells. Cells were then exposed to varying doses of 
H2O2. Here exposure was performed after cells have been encapsu-
lated in gel to determine immediate damage caused by H2O2. Cells 
could also be treated in culture dishes or in vivo and then transferred 
to CometChip for further assay. To examine a broad range of doses, 
cells in this study were exposed to 13 different doses of H2O2, rang-
ing from 5 to 120 μM. These 13 treatment concentrations, together 
with the negative control, corresponded to 42 macrowells of the 
96-well CometChip (each condition was performed in triplicate). 
Cells were treated for 20 min after which time the bottomless plate 
was removed, and cells were lysed and electrophoresed. Following 
staining with SYBR green, for each macrowell, 9 images were col-
lected using a 10× objective. We analysed at least 100 microwell 
comets for each condition and computed the median % tail DNA. 
We then averaged the medians from triplicate wells. This experiment 
was repeated four times and Table 1 indicates the average and the 
standard error of the mean for the four repeats. Results show an 
increase in DNA damage with increasing doses of H2O2, as expected 
(Figure 2A). The dose response curve is sigmoidal with flatter slope 
at lower (<30 μM) and higher concentrations (>100 μM). To identify 
the linear range of detection, we performed linear regression analysis 

Table I. TK6 Cell H2O2 dose response (n = 4)

H2O2 dose (μM)

0 5 10 15 20 30 40 50 60 70 80 90 100 120

% Taila 8.7 10 10.5* 13.5* 16.3* 29.7** 37.7** 41.6** 48.7** 50.1** 58.4** 55.2** 56.4** 62.5**
SEMb (%) 0.4 0.8 0.4 2.1 2 3.5 2.5 2.9 1.7 2.8 4.1 2.3 3.4 3.8
CVc (%) 10 14.9 6.6 31 24 23.4 13 14.1 7.1 11 14.1 8.3 12.1 12.1

0 5 10 15 20 30 40 50 60 70 80 90 100 120

a% Tail DNA was calculated from averages of four repeats.
bSEM is standard error of the mean.
cCV is coefficient of variation. Student’s t-test was performed to compare each treated dose to negative controls (*P < 0.05, **P < 0.005).
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and calculated that the optimal correlation coefficient (R2  = 0.98, 
Figure 2B) is for doses of H2O2 between 30 and 100 μM.

As a reference for the H2O2 studies, we performed a gamma-IR 
(γ-IR) dose response experiment. TK6 cells were loaded into the 
CometChip following identical procedures to that for H2O2 and 
exposed to gamma-IR varying from 1 to 20 Gy at a dose rate of 1 Gy/
min. Results collected from three independent experiments are shown 
in Table  2 and Figure  2C. In contrast to the H2O2 dose response 
results, the lowest gamma-IR dose used was sufficient to induce sig-
nificant damage (P < 0.05) and fell within the linear detection range. 
The response curve plateaued when the dose exceeded 15 Gy, indicat-
ing saturation of the assay. We performed linear regression analysis 
on the data from 0 to 15 Gy γ-IR, shown in Figure 2D, and obtained 
an optimal correlation coefficient (R2 = 0.94). By comparing the two 
dose response curves, we estimate that 30 μM H2O2 induces similar 
levels of damage as 4 Gy γ-IR in TK6 cells when assayed by alka-
line comet assay. These results demonstrate the feasibility of assessing 
multiple samples in parallel and the ability to extrapolate complete 
dose response curves from a single CometChip, which facilitates opti-
misation of experimental conditions. The ability to perform a parallel 

dose response with a known DNA damaging agent (i.e. γ-IR) can also 
help to delineate the impact of unknown agents on cellular DNA. 

CometChip platform and analysis program 
potentiate efficacy of 4× imaging to further increase 
throughput
One of the most time consuming steps in the traditional comet assay 
is the process of acquiring a sufficient number of analysable images, 
since generally each comet requires its own image. This part of the 
analysis, besides being labour-intensive, can also introduce bias (9, 
20). Previously, we described the benefit of having fully automated 
imaging and for image analysis for the CometChip (14,15). We esti-
mated that CometChip can accelerate data collection and analysis 
by at least an order of magnitude due to the fact that ~9 comets 
can be analysed from a single image, made possible by the fact that 
comets are on the same focal plane (15). Here, we have explored 
the possibility of increasing throughput even more by using a 4× 
rather than a 10× objective, the key advantage being that more com-
ets can be captured in a single image. We performed dose response 

Table II. TK6 cell IR dose response (n = 3)

IR dose (Gy)

0 1 2 4 6 8 10 15 20

% Taila 10.9 16.1* 19.9* 26.4* 37.5* 45.6* 44.8* 55.3* 56.7*
SEMb (%) 2.3 3.9 5.4 4.1 1.2 6.5 4.9 5.6 9.2

a% Tail DNA was calculated from averages of four repeats.
bSEM is standard error of the mean.
Student’s t-test was performed to compare each treated dose to negative controls (*P < 0.05, **P < 0.005).

Figure 2.  Human lymphoblast TK6 cells dose response obtained using the 96-well CometChip. (A) H2O2 dose response of TK6 cells. Cells were loaded into 
triplicate macrowells of a 96-well CometChip and treated at varying concentrations of H2O2 for 20 min at 4°C. All 13 doses and the negative controls were 
conducted on the same 96-well CometChip. Data points and error bars represent averages and standard errors of the mean, respectively, of four independent 
experiments. At least 100 comets were scored for each condition in each experiment. (B) Linear regression of the H2O2 dose response for TK6 cells. Line of best 
fit was obtained using Linear Regression analysis in GraphPad Prism. R2 = 0.98 for H2O2 doses of 0, 30, 40, 50, 60, 70 and 80 μM. (C) Irradiation dose response of 
TK6 cells. Cells were loaded into triplicate wells of the 96-well CometChip, cut into individual pieces and exposed to varying doses of IR on ice, respectively. Data 
points and error bars represent averages and standard errors of the mean, respectively, of three independent experiments. At least 100 comets were scored for 
each condition in each experiment. (D) Linear regression of TK6 cell IR dose response. Line of best fit was obtained using Linear Regression analysis in GraphPad 
Prism. R2 = 0.94 for IR dose of 0, 1, 2, 4, 6 8, 10 and 15 Gy.
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experiments using TK6 cells treated with varying doses of H2O2, and 
compared the results when imaged under 10× and 4× objective lens. 
Because each image contained more than 50 comets under the field 
of view of a 4× image (Figure 3A), only two images were needed for 
each sample to acquire 100 analysable comets (this is compared to 
100 independent images using the traditional assay). Results from 
the average of three independent experiments show increasing dam-
age with increasing dose, as expected (Figure  3B). We found that 
between 30 and 100 μM H2O2 dose treatments again produced the 
best-fit linear curve (R2 = 0.99, Figure 3C), indicating that this range 
is the linear detection range. Comparing results from 4× and 10× it is 
clear that data collected within this linear detection range using the 
two objectives are very similar (Figure 3D). Importantly, the abso-
lute levels of damage are not anticipated to be identical because of 
disparate physical properties of 10× and 4× objectives (i.e. aperture 
and focal distance). The observations that the linear detection range 
and the extent to which damage levels change with dose show that 
results are very consistent for the two objectives (Figure 3D). Given 
that more than 50 comets can be captured in a single 4× image, 
the results here show that as few as two images are sufficient for 
analysis of DNA damage induced by 30–100 μM H2O2 using the 
CometChip.

CometChip suppresses sample-to-sample variation
Each macrowell of the 96-well CometChip is comparable to a sin-
gle slide using the traditional assay. To learn about the inter-sample 
variation using the CometChip, well-to-well variation was assessed 
among triplicate wells on the same CometChip for a variety of 
H2O2 doses (Table 3; Figure 4A). The coefficient of variance (CV) 
among wells ranged from 5 to 16% (Table  3). It is interesting to 
note that this CV can be easily achieved by novice users of the plat-
form, whereas the standard assay often requires repeat practices to 
achieve corresponding CV. Typical slide-to-slide variation of stand-
ard assay ranged from 15 to 30% in published reports (11, 14). We 
also studied consistency from chip-to-chip and we found excellent 
concordance (Table 4, Figure 4B). To learn about variation among 
experiments, the CV was calculated for four independent experi-
ments performed on different days (Table 1). In Figure 4C, results 
of each experimental repeat were plotted as individual bars. The CV 
ranged from 7 to 31% (Table 1). Samples treated with 15 to 30 μM 
were most variable (CV > 20%), which is consistent with their lower 
absolute values. Compared to the well-to-well CV, experiment-to-
experiment is higher (9.8 versus 14.4%, respectively).

Microwell comets exhibit low comet-to-comet 
variation enabling a robust assay with as few as 20 
comets scored
While it is conventional to score at least 100 comets for the tradi-
tional assay, there is not a consensus about the number of comets that 
should be scored. Relatively few studies report the potential value of 
scoring more than 100 comets, due in part to the impracticality as a 
consequence of the time required for analysis of hundreds of comets.
(4, 21–23) The CometChip offers two advantages for analysing more 
than 100 comets per sample. First, as described above, the comets are 
on the same focal plane, so many comets can be analysed in a single 
image. Second, in-house image analysis software automatically iden-
tifies and analyses comets for key parameters including tail length, 
olive tail moment and percent tail DNA, which greatly increases 
throughput. These features made it feasible to assess the robustness 
of the assay even with hundreds of comets per sample.

To learn how the number of comets per sample impacts the 
robustness of the analysis on the CometChip, we analysed TK6 
lymphoblast cells challenged with exposure to H2O2. Of particular 

Figure 3.  Efficacy of the 4× objective for image acquisition. (A) Representative 
image of arrayed comets imaged under 4× objective lens. Scale bar indicates 
200 μm. (B) H2O2 dose response of TK6 cells when analysed using a 4x objective. 
Cells were loaded into triplicate wells of the 96-well CometChip and treated at 
varying concentrations of H2O2 for 20 min at 4°C. Untreated cells were exposed to 
1× PBS under the same experimental conditions. All 13 doses and the negative 
control were conducted on the same 96-well CometChip. Comet images were 
analysed with using an in-house fully automated MatLab program (14, 15). 
Data points and error bars represent averages and standard errors of the mean, 
respectively, of three independent experiments. At least 100 comets were scored 
for each condition in each experiment. (C) Linear regression of TK6 cell H2O2 dose 
response. Line for best-fit was obtained using Linear Regression analysis in 
GraphPad Prism. R2 = 0.99 for H2O2 doses of 0, 30, 40, 50, 60, 70, 80 and 100 μM. 
(D) Comparison of results collected using 10× and 4× objective lenses. Dose 
responses of linear range were plotted as re-presentation of Figures 2B and 3C.
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interest were the low doses, as we wanted to learn if increasing the 
number of comets might offer greater sensitivity of the assay. We 
scored 20, 50, 100, 200, 400 and 600 comets for each of four differ-
ent doses of H2O2 and repeated the experiment four times. Table 5 

lists the average results of the four repeats, which are then plotted 
in Figure 5A. Changing the number of comets scored in each experi-
ment did not affect the absolute % tail DNA measured. Importantly, 
when % DNA damage exceeds ~15%, only 20 comets are needed to 
generate robust data, which is far fewer than 100 comets which are 
standard using the traditional assay (Figure 5B). Similar findings also 
applied to measurement of double strand breaks using neutral comet 
assay on previously published neutral CometChip (15). In contrast, 
at lower damage levels below the linear range (~ 9–11% tail), scor-
ing more comets effectively increased the sensitivity of the assay. We 
were able to detect damage induced by 10 and 5 μM of H2O2 by 
scoring 100 and 400 comets respectively (Figure 5C–E). The impact 
that the number of comets scored has on assay sensitivity is consist-
ent with results published by Sharma et al. (4) and can be explained 
by the lowered standard deviation and thereby decreased CV. At low 
doses (e.g. 5 and 10 μM), the signal-to-noise ratio is low and hence 
reducing variance increases the significance level. On the other hand, 
higher levels of H2O2 exposure (i.e. 20 and 30 μM) produce suffi-
cient DNA damage that is more resistant to noise-induced variances. 
As a result, we observed reduced P values with increasing number of 
comets scored in 5 μM experiments, but not in 30 μM experiments 
(Figure 5F). Overall, the number of comets required to achieve sensi-
tive measurements of DNA damage using the CometChip, either at 
low (100–400 comets) or high doses (20 comets), is far fewer than 
what is required for traditional comet assay (4).

As previously described, the microwell comets contain multi-
ple cells and are self-calibrated by the morphology of the micro-
wells (14,15). One possible reason for reduced variance using the 
CometChip is that the comet-to-comet variance is greatly reduced 
because each microwell comet is anticipated to show the average 
amount of damage for the cells in that well, thus reducing variance 
compared to single cell comets. Using the CometChip, our initial 
analysis shows that as few as 20 microwell comets are representative 
of the whole sample population. To further explore representation, 
we created 10 subsets of samples treated with 30 μM H2O2, each 
containing 20 randomly scored microwell comets. Median, quartiles, 
and 10–90 percentile of analysed data were plotted in Figure 5G.  

Table IV.  Chip-to-chip variability

H2O2 dose (μM)

0 15 20 40 50 100

Chip #1a 8.7 13.5 22.8 42.2 46.9 61.4
Chip #2a 8.1 11.8 19.1 38.4 48.3 56.5

aMedian % Tail DNA of one well on each chip were calculated.

Table III. Well-to-well variability

H2O2 dose (μM)

0 20 40 50 70 90

Well #1a 8.4 20.9 36.7 43.1 43.2 56.8
Well #2a 7.7 16.7 39.6 42 45.1 48.4
Well #3a 10.4 16.9 40.4 45.8 52.6 48
Mean ± σb 8.9 ± 1.4 18.2 ± 2.4 38.9 ± 1.9 43.7 ± 2.0 47.0 ± 5.0 51.0 ± 5.0
CVc 15.70% 13.20% 5.00% 4.50% 10.60% 9.80%

aMedian % tail DNA of each well were calculated.
bMedian % tail DNA of each.
cCV is coefficient of variance.

Figure 4.  Well-to-well, chip-to-chip, and experiment-to-experiment variation 
of CometChip results using human lymphoblast TK6 cells exposed to H2O2. 
Median % Tail DNA of (A) triplicate wells on the same 96-well CometChip, (B) 
of two wells, on different CometChips, and (C) of four repeat experiments. 
TK6 cells were loaded and exposed to varying H2O2 doses. Non-treated cells 
were exposed to 1× PBS. At least 100 comets were scored.
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We found that varying the comets for each analysis did not signifi-
cantly impact the median % tail DNA. Given that a typical image 
captured under 10× objective lens generally contain 9–12 microwell 

comets, it is possible to collect robust data using just two images 
(one under 4×). On the other hand, in situations where very low 
levels of DNA damage are being studied, users can achieve better 

Table V.  Comparison of average median % tail DNA results analysed from comet pools of varying sizes, n = 4

H2O2 dose (μM)

# of comets Sored 0 5 10 20 30

20 % Taila ± SDb 8.8 ± 1.7 10.5 ± 1.7 10.4 ± 0.8 15.9 ± 4.5* 27.4 ± 6.6**
50 % Taila ± SDb 8.6 ± 1.2 9.8 ± 1.7 10.3 ± 0.7 16.0 ± 5.6* 28.2 ± 8.8**
100 % Taila ± SDb 8.4 ± 1.1 9.7 ± 1.6 10.4 ± 1.0* 15.5 ± 4.0* 29.2 ± 7.9**
200 % Taila ± SDb 8.4 ± 0.8 10.2 ± 2.0 10.6 ± 0.6* 16.5 ± 4.5* 29.1 ± 7.7**
400 % Taila ± SDb 8.5 ± 0.9 10.2 ± 1.6* 10.4 ± 0.5* 16.1 ± 4.5* 28.7 ± 7.8**
600 % Taila ± SDb 8.4 ± 0.7 10.1 ± 1.6* 10.4 ± 0.4** 16.3 ± 4.5* 28.8 ± 7.5**

a%Tail DNA was calculated from averaging median % tail from four repeats.
bSD is standard deviation (SD is used here instead of SEM because comet data were pooled. Student’s t-test was performed to compare each treated dose to 

negative controls in each pool (*P < 0.05, **P < 0.01).

Figure 5.  Influence of the number of microwell comets scored on the sensitivity and statistical robustness of the CometChip assay. (A) Comparison of average 
median % tail DNA results analysed from comet pools of varying sizes, n = 4. TK6 cells were embedded in CometChip and treated at varying concentrations 
of H2O2 for 20 min at 4°C. Untreated cells were exposed to 1× PBS under the same experimental conditions. Comet images were collected in a fully automated 
fashion. 20, 50, 100, 200, 400 and 600 comets were scored randomly to obtain median % tail DNA. Average of four repeats were plotted as column graphs 
with error bars indicating standard deviation of mean. Each column colour indicates a different sample size, explained by legend of the graph. (B–E) Replots 
of median % tail DNA results for different sample pool sizes. Student’s t-test was performed to compare each treated dose to corresponding negative controls 
(*P < 0.05, **P < 0.01). (F) Plot of P-values as a function of the number of comets scored. The 0.05 P value line is marked as dotted line in graph. (G) Box-and-
whisker plot of median % tail DNA analysed from randomly scoring 20 comets that were exposed to 30 μM H2O2. Each box represents the lower and upper 
quartiles with median shown as the middle line. Whiskers show 10 to 90 percentile. Points below and above the whiskers are indicated.
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sensitivity by scoring more comets. The amount of materials, time, 
and labour required to score more comets, nonetheless, is signifi-
cantly less than traditional assay.

Discussion

Here we have analysed the detection range as well as inter and intra-
sample variation of the CometChip. This novel technology, with the 
combination of microarray technology and fully automated image 
analysis was estimated to increase throughput by two orders of mag-
nitude (15). Here we show that the CometChip also has the added 
advantage of requiring fewer comets to achieve the same sensitivity 
as the traditional assay.

The CometChip overcomes two key limitations of existing 
comet assay: (i) difficulty of processing multiple samples in parallel, 
both physically and in terms of time required; and (ii) sample-to-
sample variability, which deteriorates as more samples are needed 
to be processed in parallel. Published studies using a large glass slide 
with multiple minigels on the surface have been shown to improve 
throughput and reproducibility (12, 13). The CometChip incorpo-
rates this advance using an easy-to-handle 96-well plate. Processing 
96 samples on a single CometChip is far easier than handling 96 
slides, which is beyond the capacity of most researchers. In addition 
to being easier to handle, by settling cells into wells with a uniform 
depth, the CometChip avoids problems with out-of-focus or overlap-
ping comets (Figure 1D), making it possible to image as many as 63 
analysable comets in a single image (under 4× objective, Figure 3A), 
which reduces comet-to-comet and sample-to-sample variation, as 
shown here. Being able to process many samples in parallel makes it 
easier to detect the linear range of genotoxin exposure, which greatly 
accelerates identification of doses that give rise to DNA damage lev-
els that are not saturated, a particularly difficult optimisation step 
using the traditional assay.

A key advantage of reduced experimental variation is that the 
CometChip can potentially obviate the need for internal standards. 
Tremendous effort has gone toward the development of standards 
that help to control for intergel, inter-experiment and inter-labora-
tory variability (11, 24). Inter-sample variation can range from 10 
to 20%, (11, 14, 15) and analysis performed by different scorers or 
laboratories can vary as high as 80% (6, 8, 9). Inclusion of standards 
adds complexity to the protocol and has limitations that may lower 
throughput and versatility of the assay. In contrast, the CometChip, 
with its reduced inter-sample variability, may obviate the need to 
normalise across gels. Although we did not formally access inter-
scorer or inter-laboratory variation, preliminary data show excel-
lent concordance, making the CometChip a promising alternative to 
internal standards.

CometChip was developed with the goal of ease of use. The hard-
ware is designed to allow easy assembly, straightforward procedures 
and uniform quality. These features provide a very low barrier of 
entry for researchers who are unfamiliar with the assay. Indeed, we 
found that novice researchers were able to collect publishable qual-
ity data within several runs. An optimised version of the platform 
that can accommodate both 24 and 96-well plates is currently under 
development at Trevigen, Inc.

With its combination of higher throughput and high sensitiv-
ity, the CometChip is potentially valuable in a variety of research 
settings. The technology can easily be implemented for epidemi-
ology and clinical studies that were previous inaccessible due to 
the limitations of traditional comet assay. Previous and ongoing 
studies in our own laboratory show utility of the CometChip for 

studying variations in repair kinetics among individuals, explor-
ing gene-targeted cancer therapies, and evaluating DNA damage 
response of populations exposed to prevalent environmental geno-
toxins. Taken together, the CometChip significantly broadens the 
utility of the comet assay for a broad range of studies across many 
disciplines. 
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