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Evaluating DNA purity ratio 
determination with the CTechTM 
SoloVPE® System
Nigel Herbert, Drusha Purohit & Hannah Mignault

Spectrophotometric analysis is one of the most common techniques used to quantitate nu-
cleic acids in a solution. More specifically, the 260/280 UV absorbance ratio of the nucleic 
acid can be used to determine their purity [1]. However, traditional fixed-pathlength spec-
trophotometers have limitations when determining the purity ratios of these molecules. In 
this study, the CTechTM SoloVPE® System assessed theoretical DNA purity ratios by utilizing 
its variable pathlength method, known as Slope Spectroscopy®. The method was evaluated 
by assessing the specificity, intermediate precision, repeatability, linearity, and accuracy of 
the theoretical purity ratios. The observed purity ratios from the SoloVPE System demon-
strated great comparison to the theoretical purity ratios, verifying the SoloVPE System’s 
slope spectroscopy method to be preferable for this application. 
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INTRODUCTION
Gene therapy is an emerging medical ap-
proach to treating, preventing, and curing 
a wide range of genetic diseases. By admin-
istering genetic material into defective cells, 
the transgene has the potential to repair or 
enhance the cell’s native genetic material. In 
order to successfully implement this approach 
in downstream bioprocessing, it is imperative 
to understand the purity of DNA. The purity 

is related to the quality and in many instanc-
es, the efficacy of the samples, ensuring that 
they are free of proteins, lipids, salts, and oth-
er contaminants [2].

UV-Vis spectroscopy is the most common 
analytical method to determine DNA purity. 
The ratio of the absorbance at 260 nm and 
280 nm is used to analyze the purity of nucle-
ic acids [3]. This ratio is widely known as the 
R value, where pure DNA260/280 is between 
1.8 and 2.0 [3]. Since proteins absorb at 280 
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nm, this ratio is used to assess the amount 
of protein contamination within the sample 
[4]. Impurities in DNA can lead to inaccurate 
measurement of DNA concentration and risk 
adversely impacting any subsequent down-
stream processes or therapeutic potential [5].

Traditional UV-Vis spectrophotometers 
utilize the Beer-Lambert law to calculate a 
sample’s concentration. Beer’s law states that 
A = ε*l*c where A is the measured absorbance, 
ε is the molar absorption coefficient, l is the 
pathlength, and c is the concentration of the 
sample. Since traditional spectrophotometers 
utilize a fixed 1 cm pathlength, samples may 
require dilution which can lead to assay er-
ror. In the case of highly concentration DNA, 
samples must be diluted to ensure that the 
assays are within the linear range of the in-
strument. Because of the instrument’s limit of 
detection, linear range, and fixed pathlength, 
serial dilution is required, which can intro-
duce error.

The SoloVPE System is an increasingly 
popular UV-Vis technology that utilizes the 
Slope Spectroscopy method to analyze sam-
ple concentrations. The Slope Spectrosco-
py method is an analytical manipulation of 
Beer’s law that allows the SoloVPE System to 
perform variable pathlength measurements. 
Rather than relying on a single absorbance 
value, the Slope Spectroscopy method cre-
ates section data based on the collected ab-
sorbance values per pathlength. To enable the 
Slope Spectroscopy equation, the pathlength 
term l is moved to the left side of the equation 
where A/l = ε*c. The A/l term is the change in 
absorbance per change in pathlength, which 
is also known as the slope m of the equation. 
This substitution results in the Slope Spec-
troscopy equation which can be expressed as 
m = ε*c. The slope is the most critical value 
within the equation, as it allows us to deter-
mine the sample concentration or molar ab-
sorption coefficient [6]. 

The SoloVPE System defines its pathlength 
range by measuring the distance between the 
bottom of the CTechTM Fibrette® Optical 
Component and the bottom of the sam-
ple vessel. The SoloVPE System’s integrated 

hardware and software allow it to move the 
Fibrette Optical Component up and down 
from 5 µm to 15 mm, with a pathlength res-
olution of 5 µm steps (Figure 1). The linear re-
gression coefficient (R2) of the measurement 
confirms the correlation with Beer’s law. The 

 f FIGURE 1
Mechanism of variable pathlength UV-visi-
ble technology (VPT). 

l: The distance between the tip of the light-
delivering Fibrette Optical Component and the 
inside bottom of the sample vessel.
In this publication, the SoloVPE System 
demonstrates why the Slope Spectroscopy method 
is the optimal technique when analyzing nucleic acid 
purity required for therapeutic delivery systems or 
raw material in gene therapy applications.
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SoloVPE System requires all measurements 
have an R2 ≥ 0.999 to be considered valid. 
Values close to one confirm a strong correla-
tion with Beer’s law by demonstrating that 
the absorbance values change proportionally 
with the pathlength values. Therefore, the 
SoloVPE System can measure wide ranges 
of concentration without the need of exten-
sive sample preparation and dilution. The 
SoloVPE System’s variable pathlength tech-
nology, fast analysis speed, and enhanced 
spectral range allow it to produce accurate, 
linear, and repeatable results [6].

In this publication, the SoloVPE System 
demonstrates why the Slope Spectroscopy 
method is the optimal technique when ana-
lyzing nucleic acid purity required for ther-
apeutic delivery systems or raw material in 
gene therapy applications.

MATERIALS & METHODS
Materials

The materials and consumables used to ana-
lyze the DNA purity ratios are listed below. 
Charles River provided DNA and protein, 
which were purchased from Thermo Fisher 
Scientific. The SoloVPE System and associ-
ated consumables were provided by Repligen.

Charles River Laboratories

 f DNase/RNase free distilled water (Catalog 
No. 10977015 / Lot No. 2277167)

 f Calf thymus DNA (Catalog No. 15633019 / 
Lot No. 2187506)

 f Bovine serum albumin (Catalog No. 23209 
/ Lot No. WF329717)

Repligen

 f SoloVPE instrument (Part No. 
SYS-VPE-SOLO5)

 f Cary 60 UV-Vis spectrophotometer (Part 
No. IN-CARY 60 or Agilent Part No. 
G686OA)

 f Fibrette Optical Component (Part No. 
OF0002-P50)

 f Plastic vessel–small (Part No. 
OC0009-1-P50)

 f Sample vessel holder–small (Part No. 
HM0178)

Methods

Theoretical DNA purity ratios were analyzed 
by formulating dilution levels of calf thy-
mus DNA and bovine serum albumin with 
DNase/RNase-free distilled water. The theo-
retical purity ratios were calculated by using 
the average slope of BSA and DNA at 260 
nm and 280 nm (from 100% protein and 
100% DNA sample readings) and applying 
the following formula: 

Eight purity levels were made, starting with 
100% protein, and ending with 100% DNA 
(Table 1).

The SoloVPE System’s small plastic sample 
vessel was used and required only 120 ul of 
sample volume. Data was collected in trip-
licate at each purity level with two analysts 
during different days.

RESULTS
Specificity

The specificity was assessed by determining if 
baseline correction was required for all analy-
ses. The need for baseline correction was ana-
lyzed by measuring the buffer at 260 nm and 
280 nm. Generally, baseline correction is not 
required if the slope of the buffer is < 0.01 
Abs/mm. At slopes this low, the R2 criteri-
on of ≥ 0.999 is not required. This criterion 
demonstrates if there is any absorbance con-
tribution from the buffer. In this study, the 
DNase/RNase-free distilled water was mea-
sured in triplicate. The average slopes at 260 
nm and 280 nm were 0.00106 and 0.00094 
Abs/mm respectively. Table 2 demonstrates 
that the measured slopes are well below 0.01 

Theoretical Purity= (%Protein * SlopeProtein@260) + (% DNA * Slope 

DNA@260)/ (%Protein * Slope Protein@280) + (%DNA * Slope DNA@280)
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Abs/mm, indicating that baseline correction 
is not required.

Intermediate precision

The intermediate precision was assessed by 
evaluating the % error of the average observed 
purity ratios against the theoretical purity ra-
tios. Each purity level was measured in trip-
licate over the course of four days with two 
different analysts. For this study to pass, the 
% error must be ≤ 5.00%. Each triplicate 
reading demonstrated a % error less than the 
acceptance criteria of 5.00% as shown in Ta-
ble 3. The neat protein (level one) and neat 
DNA (level eight) samples showed the greatest 
agreement between the expected and observed 
purity ratios. The results of the intermediate 
precision study demonstrate that the method 
is precise.

Repeatability

The repeatability of the system was assessed 
by evaluating the percent relative standard 

deviation (%RSD) of all the triplicate reads. 
The measurements were taken using the same 
sample, Fibrette Optical Component, and 
sample vessel. The %RSD is calculated by 
using the following formula: %RSD = (Stan-
dard deviation / average) * 100. For the trip-
licate reads to be considered repeatable, the 
%RSD must be ≤ ±2.00%. As shown in Ta-
ble 3, the %RSD was well below ±2.00% for 
each triplicate reading.

Linearity

The linearity was assessed by analyzing the 
average R2 of each triplicate reading (Table 
4). The R2 must be ≥ 0.999 for the measure-
ment to be considered valid and linear. As 
demonstrated in Table 4, the average R2 was 
well above 0.999 at each purity level during 
different days and with two analysts. 

Additionally, the linear regression of the 
dilution series was analyzed by plotting the 
theoretical purity ratios against the average 
observed purity ratios. Figure 2 demonstrates 
each of the linear regressions. The analysis 
that was performed on day 1 with analyst 1 

  f TABLE 1
Purity ratio levels.

Dilution level % protein % DNA Total volume (µl) BSA (µl) DNA (µl)
1 100.0% 0.0% 750.0 750.0 0.0
2 85.0% 15.0% 750.0 638.0 112.5
3 70.0% 30.0% 750.0 525.0 225.0
4 50.0% 50.0% 750.0 375.0 375.0
5 35.0% 65.0% 750.0 263.0 488.0
6 10.0% 90.0% 750.0 75.0 675.0
7 5.0% 95.0% 750.0 37.5 713.0
8 0.0% 100.0% 750.0 0.0 750.0

  f TABLE 2
Observed slope values of the DNase/RNase-free distilled water. The data demonstrates negligible 
absorbance contribution from the buffer.

Slope (Abs/mm) Average slope (Abs/mm) Slope (Abs/mm) Average slope (Abs/mm)

260nm 280nm

0.00110 Abs/mm
0.00106 Abs/mm

0.00090 Abs/mm
0.00094 Abs/mm0.00099 Abs/mm 0.00104 Abs/mm

0.00108 Abs/mm 0.00080 Abs/mm



INNOVATOR INSIGHT 

  1051Cell & Gene Therapy Insights - ISSN: 2059-7800  

  
f

TA
BL

E 
3

%
 E

rr
or

 o
f t

he
 th

eo
re

tic
al

 p
ur

ity
 ra

tio
s a

ga
in

st
 th

e 
av

er
ag

e 
ob

se
rv

ed
 p

ur
ity

 ra
tio

s, 
an

d 
th

e 
%

RS
D

 fo
r e

ac
h 

tr
ip

lic
at

e 
m

ea
su

re
m

en
t. 

Th
e 

ob
se

rv
ed

 p
ur

ity
 

ra
tio

s c
or

re
la

te
 v

er
y 

w
el

l w
ith

 th
e 

th
eo

re
tic

al
 p

ur
ity

 ra
tio

s, 
an

d 
th

e 
tr

ip
lic

at
e 

m
ea

su
re

m
en

ts
 d

em
on

st
ra

te
 g

re
at

 p
re

ci
si

on
.

A
na

ly
st

 
&

 d
ay

D
ilu

tio
n 

le
ve

l
Th

eo
-

re
tic

al
 

pu
rit

y 
ra

tio
s 

(A
bs

/
m

m
)

O
b-

se
rv

ed
 

pu
rit

y 
ra

tio
 #

1 
(A

bs
/

m
m

)

O
b-

se
rv

ed
 

pu
rit

y 
ra

tio
 #

2 
(A

bs
/

m
m

)

O
b-

se
rv

ed
 

pu
rit

y 
ra

tio
 #

3 
(A

bs
/

m
m

)

Av
er

ag
e 

ob
se

rv
ed

 
pu

rit
y 

ra
tio

 (A
bs

/
m

m
)

Ex
pe

ct
-

ed
 v

s. 
ob

-
se

rv
ed

 
%

er
ro

r 
#1

 (%
)

Ex
pe

ct
-

ed
 v

s. 
ob

-
se

rv
ed

 
%

er
ro

r 
#2

 (%
)

Ex
pe

ct
-

ed
 v

s. 
ob

-
se

rv
ed

 
%

er
ro

r 
#3

 (%
)

Ex
pe

ct
-

ed
 v

s. 
av

er
ag

e 
ob

se
rv

ed
 

%
er

-
ro

r (
%

)

St
an

da
rd

 
de

vi
ati

on
%

 
RS

D

D
ay

 1
, 

an
al

ys
t 

1

1
0.

71
2

0.
71

12
0.

71
3

0.
71

15
0.

71
19

0.
14

%
0.

07
%

0.
01

%
0.

14
%

0.
00

1
0.

14
%

2
1.

60
43

1.
61

17
1.

62
03

1.
62

13
1.

61
78

1.
00

%
1.

06
%

0.
84

%
1.

00
%

0.
00

53
0.

33
%

3
1.

75
41

1.
76

25
1.

80
26

1.
77

56
1.

78
02

2.
77

%
1.

22
%

1.
49

%
2.

77
%

0.
02

05
1.

15
%

4
1.

82
91

1.
85

71
1.

85
98

1.
85

58
1.

85
76

1.
68

%
1.

46
%

1.
56

%
1.

68
%

0.
00

21
0.

11
%

5
1.

85
77

1.
89

08
1.

88
84

1.
89

72
1.

89
21

1.
66

%
2.

13
%

1.
86

%
1.

66
%

0.
00

46
0.

24
%

6
1.

88
54

1.
92

26
1.

93
73

1.
93

18
1.

93
06

2.
75

%
2.

46
%

2.
39

%
2.

75
%

0.
00

74
0.

38
%

7
1.

88
93

1.
91

84
1.

91
5

1.
91

95
1.

91
77

1.
36

%
1.

60
%

1.
50

%
1.

36
%

0.
00

23
0.

12
%

8
1.

89
29

1.
88

3
1.

89
92

1.
89

65
1.

89
29

0.
34

%
0.

19
%

0.
00

%
0.

34
%

0.
00

87
0.

46
%

D
ay

 2
, 

an
al

ys
t 

1

1
0.

71
31

0.
71

45
0.

71
25

0.
71

28
0.

71
33

0.
19

%
0.

08
%

0.
05

%
0.

02
%

0.
00

1
0.

15
%

2
1.

59
71

1.
59

88
1.

60
13

1.
59

4
1.

59
8

0.
11

%
0.

26
%

0.
20

%
0.

06
%

0.
00

37
0.

23
%

3
1.

75
16

1.
75

61
1.

75
2

1.
75

37
1.

75
39

0.
26

%
0.

02
%

0.
12

%
0.

13
%

0.
00

21
0.

12
%

4
1.

82
96

1.
82

87
1.

85
26

1.
84

46
1.

84
2

0.
05

%
1.

25
%

0.
82

%
0.

67
%

0.
01

21
0.

66
%

5
1.

85
95

1.
89

25
1.

89
59

1.
89

81
1.

89
55

1.
78

%
1.

96
%

2.
08

%
1.

94
%

0.
00

28
0.

15
%

6
1.

88
85

1.
90

98
1.

92
29

1.
93

55
1.

92
27

1.
13

%
1.

82
%

2.
49

%
1.

81
%

0.
01

29
0.

67
%

7
1.

89
26

1.
92

66
1.

93
05

1.
93

78
1.

93
16

1.
79

%
2.

00
%

2.
39

%
2.

06
%

0.
00

57
0.

30
%

8
1.

89
63

1.
88

07
1.

88
89

1.
91

99
1.

89
65

0.
82

%
0.

39
%

1.
24

%
0.

01
%

0.
02

07
1.

09
%

D
ay

 3
, 

an
al

ys
t 

2

1
0.

70
5

0.
70

42
0.

70
61

0.
70

48
0.

70
5

0.
11

%
0.

16
%

0.
04

%
0.

00
%

0.
00

1
0.

14
%

2
1.

61
74

1.
63

88
1.

63
35

1.
63

73
1.

63
65

1.
32

%
0.

99
%

1.
23

%
1.

18
%

0.
00

27
0.

16
%

3
1.

77
28

1.
79

05
1.

78
85

1.
77

24
1.

78
38

1.
00

%
0.

89
%

0.
02

%
0.

62
%

0.
00

99
0.

56
%

4
1.

85
08

1.
87

71
1.

87
69

1.
86

84
1.

87
41

1.
42

%
1.

41
%

0.
95

%
1.

26
%

0.
00

5
0.

26
%

5
1.

88
06

1.
91

51
1.

91
17

1.
92

09
1.

91
59

1.
83

%
1.

65
%

2.
15

%
1.

88
%

0.
00

47
0.

24
%

6
1.

90
95

1.
95

32
1.

97
13

1.
97

08
1.

96
51

2.
28

%
3.

23
%

3.
21

%
2.

91
%

0.
01

03
0.

53
%

7
1.

91
36

1.
99

18
1.

97
94

1.
96

13
1.

97
75

4.
09

%
3.

44
%

2.
49

%
3.

34
%

0.
01

54
0.

78
%

8
1.

91
73

1.
90

64
1.

92
11

1.
92

46
1.

91
73

0.
57

%
0.

20
%

0.
38

%
0.

00
%

0.
00

97
0.

51
%

D
ay

 4
, 

 a
na

ly
st

 
2

1
0.

71
16

0.
71

2
0.

71
15

0.
71

12
0.

71
15

0.
06

%
0.

01
%

0.
05

%
0.

00
%

0.
00

04
0.

05
%

2
1.

62
93

1.
64

92
1.

64
25

1.
64

57
1.

64
58

1.
22

%
0.

82
%

1.
01

%
1.

02
%

0.
00

33
0.

20
%

3
1.

78
91

1.
80

87
1.

80
12

1.
79

97
1.

80
32

1.
10

%
0.

68
%

0.
60

%
0.

79
%

0.
00

48
0.

27
%

4
1.

86
97

1.
89

56
1.

9
1.

90
26

1.
89

94
1.

38
%

1.
62

%
1.

76
%

1.
59

%
0.

00
36

0.
19

%
5

1.
90

05
1.

92
67

1.
93

3
1.

92
83

1.
92

93
1.

37
%

1.
71

%
1.

46
%

1.
51

%
0.

00
33

0.
17

%
6

1.
93

06
1.

99
12

1.
99

8
1.

99
11

1.
99

34
3.

14
%

3.
49

%
3.

13
%

3.
26

%
0.

00
4

0.
20

%
7

1.
93

48
1.

96
48

1.
98

42
1.

98
06

1.
97

65
1.

55
%

2.
56

%
2.

37
%

2.
16

%
0.

01
04

0.
52

%
8

1.
93

86
1.

92
75

1.
95

46
1.

93
39

1.
93

87
0.

58
%

0.
83

%
0.

24
%

0.
00

%
0.

01
42

0.
73

%



CELL & GENE THERAPY INSIGHTS 

1052 DOI: 10.18609/cgti.2022.155

showed the best linear correlation with an 
R2 of 0.999 (Figure 2). The results of the lin-
ear regression analysis show that the method 
is found to be linear.

Accuracy

Accuracy of the DNA purity method was 
inferred from the linearity, repeatability, 
and intermediate precision. The acceptance 
criteria for each of the studies was met. As 
a result, the Slope Spectroscopy method is 
considered accurate for determining DNA 
purity ratios.

DISCUSSION
The specificity was the first study to be per-
formed to determine if baseline correction 
was required for subsequent analyses. The 
results of the buffer demonstrated that the 
DNase/RNase-free distilled water had little 
to no absorbance, meaning there is no inter-
ference from the buffer on the absorbance of 
the DNA. 

The intermediate precision study demon-
strated strong correlation between the theo-
retical purity ratios and the average observed 
purity ratios. Even with testing over the 
course of 4 different days and two different 

 f FIGURE 2
Linear regressions of the theoretical purity ratios against the observed purity ratios. The figure 
demonstrates great linear correlation between the datasets.

  f TABLE 4
Average R2 at 260 nm and 280 nm of each purity level. The measurements demonstrate great linear 
correlation with Beer’s law.

Dilution 
level

Day 1, analyst 1 Day 2, analyst 1 Day 3, analyst 2 Day 4, analyst 2
R2

260 R2
280 R2

260 R2
280 R2

260 R2
280 R2

260 R2
280

1 0.9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999 1.0000 1.0000

3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4 1.0000 0.9999 1.0000 1.0000 1.0000 0.9999 1.0000 0.9999
5 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999
6 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999
7 0.9999 0.9999 1.0000 0.9999 0.9999 0.9999 1.0000 0.9999
8 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999 0.9999 0.9999
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analysts, the SoloVPE System was able to 
demonstrate reproducible results. The high-
est percent error that was measured on each 
day was 2.77%, 2.06%, 3.34%, and 3.26%, 
demonstrating that the SoloVPE System was 
able to accurately determine the theoretical 
purity ratios. Additionally, the majority of 
those measurements that exhibited a high-
er percent error could be related to dilution 
error. 

Furthermore, the repeatability study 
demonstrated that the SoloVPE method is re-
peatable. All triplicate readings at each purity 
level resulted in %RSD values much lower 
than 2.00%. With the exception of one puri-
ty level, all triplicate readings were under 1%, 
demonstrating the SoloVPE System’s ability 
to produce repeatable results. Moreover, the 
linearity study demonstrated that the mea-
surements were correlating well with Beer’s 
law. Each measurement at 260 nm and 280 
nm demonstrated an R2 ≥ 0.999. The theo-
retical purity ratios also showed great linear 
correlation against the average observed pu-
rity ratios. Almost all measurements achieved 
an R2 of 0.999, with the lowest R2 being 
0.9976 (Figure 2). All studies indicate that the 
SoloVPE method is accurate to support DNA 
purity ratio determination.

Throughout the study, it was interesting 
to see that the purity level decreases after the 
90% DNA solution. Theoretically, the 100% 
DNA should have the highest purity ratio; 
however, this phenomenon happens consis-
tently for each measurement and is indepen-
dent of the rep, analyst, and day. It is difficult 
to pinpoint the exact reasoning for this; how-
ever, the slope of the 100% DNA at 280 nm 
was consistently the highest. Therefore, either 

the > 90% DNA is so concentrated that the 
protein absorbance is increasing, thus low-
ering the ratio, or there is a lack of protein 
absorbance contributing to the DNA at these 
high levels, which would also lower the ra-
tio. Overall, all purity ratios were well above 
their acceptance criteria. Additional testing is 
required to come to an accurate conclusion. 

The SoloVPE is a convenient tool to carry-
out DNA purity studies. It does not require 
sample dilution which helps save time. Tra-
ditional UV-Vis spectroscopy requires back-
ground correction, however for the SoloVPE 
System, if the media demonstrates a slope 
lower than 0.01 Abs/mm, background correc-
tion is not essential. For concentration calcu-
lations (DNA and proteins), merely entering 
the extinction coefficient and wavelength will 
produce the results. The user result section 
makes it easy to carry out other calculations 
using the SoloVPE System, which are gen-
erated along with the data, thus barring the 
need to use excel sheets and validating them.

CONCLUSION
This publication demonstrates the SoloVPE 
System as the preferred method of DNA pu-
rity determination. Regarding this applica-
tion, the Slope Spectroscopy method allows 
the SoloVPE System to overcome the issues 
that are seen with traditional spectrophotom-
eters. The SoloVPE System passed all accep-
tance criteria, concluding that the method is 
specific, precise, repeatable, linear, and accu-
rate. The SoloVPE System has proven to be 
a reliable analytical method to support DNA 
purity determination.
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