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DETERMINATION OF THE INTEGRITY OF RNA

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] The present application claims priority from and is a non-provisional application of
U.S. Provisional Application No. 61/093,060, entitled “RNA Quality Factor” filed August 29,

2008, the entire contents of which are herein incorporated by reference for all purposes.

BACKGROUND

[0002] This invention generally relates to electrophoresis systems, and more particularly to

using an electrophoresis system to determine an integrity of the biomolecules in a sample.

[0003] Gene expression analysis is essential to an understanding of molecular processes
involved in health and disease. The ability to accurately quantitate steady-state levels of RNA is
critical for studying molecular mechanisms of gene expression regulation. RNA quantitation
techniques (such as northern blots, DNA microarrays, and real-time quantitative PCR) rely on
the use of not only pure, but also intact RNA (i.e. RNA of high integrity). High-throughput gene
expression analysis requires rapid, reliable, and standardized evaluation of RNA integrity. Yet,
the methods to accurately and objectively evaluate the integrity of RNA molecules, prior to

embarking on time-consuming, labor intensive, and costly projects, are limited.

[0004] Spectrophotometric methods to evaluate RNA concentrations and purity are well
established and widely used. Absorbance at 260 nm (A260) gives an accurate measure of RNA
concentration, and the ratio 4260/4280 is an accepted indicator of the purity of an RNA
preparation with respect to protein or phenol contaminations. However, these methods by
themselves may give misleading results because they do not give any information on DNA
contamination, the degradation state, or integrity of the sample. While RNA concentration and
quality are important parameters for successful downstream applications, RNA integrity is of
utmost importance when applications involve RNA quantitation for gene expression studies such
as quantitative real-time RT-PCR and cDNA microarrays. Using partially degraded RNA from
various states of degradation will lead to varying and incorrect quantitation resuits, both in

microarray experiments and real-time PCR experiments.
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[0005] The traditional method for assessing the integrity of an RNA sampie is by visual
Inspection after electrophoresis on a formaldehyde agarose gel in the presence of a tfluorescent
dye (or other luminescent agent), such as ethidium bromide. Observation of two sharp bands,
one each for the large and small subunit ribosomal RNAs (rRNAs), with the intensity of the
larger band being about twice that of the smaller band, 1s indicative of intact RNA. While this
method is relatively quick and inexpensive, interpretation of the data requires a fair amount of

experience, and 1s still prone to inconsistencies.

[0006] Another limitation of this technique using a formaldehyde agarose gel is a requirement
of on the order of 200 nanograms (ng) of RNA to make an accurate assessment of its integrity.
However, when RNAs are extracted from tissues (such as biopsies) that are available in very

limited quantities, agarose gel analysis may not be possible.

[0007] A major improvement in RNA analysis occurred with the introduction of
microfluidics-based electrophoresis systems that require as little as 100 pg of RNA to produce an
electropherogram displaying two distinctive peaks of rRNAs. The digital data composing the
electropherogram can be used for a series of computer-based analyses. For example, RNA
Iintegrity can be evaluated and quantitated automatically by comparing the area of the peaks
corresponding to the rRNAs. In theory, a 28S/18S rRNA ratio close to 2 should be indicative of
intact RNA. However, in reality, the rRNA ratio may not be very reliable, e.g., because the peak

area measurements are dependent on the chosen start and end points of the peaks.

[0008] Because of the limited utility of and reproducibility of rRNA ratios to assess RNA
integrity, an existing method (Schroeder et al. US 2006/0246577) attempts to provide a
standardized scale for determining RNA integrity. This method obtains a very large number of
electropherograms and has trained experts assign a RNA integrity number (RIN). A neural
network then determines the features (8 total) of an electropherogram that correspond to certain
RIN values. This method can take quite a long time to prepare, €.g., due to the very large
number of electropherograms required, the need for evaluation by trained experts, and the
computational demands of the neural network. Additionally, this method can provide
inaccuracies (inconsistencies) for the researcher, e.g., due to variances in the expert-assigned

numbers and varied samples used.

[0009] Therefore, it 1s desirable to have improved methods for determining an integrity of a

sample of RNA or other biomolecules.
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BRIEF SUMMARY

[0010] Embodiments of the invention make a determination of a level of integrity of a sample
of biomolecules. For example, the determination of the integrity of RNA in a sample may be
done in a fast and reproducible manner, such that the user can be assured of accuracy of a test
(e.g. quantitative polymerase chain reaction qPCR) on the sample and compare results of
different samples. The determination of integrity of an RNA sample is performed by comparing
a size profile to reterence size profiles (degradation standards). As the reference scale of the
level of integrity 1s derived from the actual degradation that occurs in a sémple, embodiments
provide high accuracy, reproducibility, and efficiency in creating the standards. In one aspect,
embodiments provide a high-throughput method of determining RNA degradation, which may be

implemented in data analysis by a computer system.

[0011] According to one exemplary embodiment, a method of determining a level of integrity
of a sample of biomolecules is provided. A first size profile of the sample of biomolecules is
received, where the size profile provides a measure of a distribution of values of at least one
dimension of the biomolecules in the sample. A computing device compares the first size profile
to a plurality of reference size profiles. Each reference size profile is measured at a different
time of degradation of a reference sample of biomolecules, and each reference size profile
correlates to a different level of integrity. Based on a similarity of the first size profile to one or
more of the reference size profiles, the computing device determines the level of integrity of the

sample of biomolecules.

[0012] According to other exemplary embodiments, computer readable medium and

electrophoresis systems that implement methods described herein are also provided.

[0013] According to another exemplary embodiment, a method of manufacturing an
electrophoresis system is provided. At least one reference sample of biomolecules is received.

A respective size profile of the reference sample of biomolecules is measured at each of a
plurality of successive times of degradation of the reference sample. Each size profile is mapped
to a level of integrity, where a size profile measured at a later time of degradation maps to a
lower level of integrity. The size profiles may be stored in a computer readable medium of the

electrophoresis system along with the corresponding levels of integrity for each size profile.
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[0014] A better understanding of the nature and advantages of the present invention may be

gained with reference to the following detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A shows an electrophoresis system 100 according to embodiments of the present

invention.

[0016] FIG. 2 1s a flowchart illustrating a method 200 of manufacturing an electrophoresis
system that determines a level of integrity of a sample according to embodiments of the present

invention.

[0017] FIGS. 3A and 3B show different reference size profiles (marked as difterent sample
numbers) taken at different times of degradation according to embodiments of the present

invention.

[0018] FIG. 4A shows a table 400 of a mapping of the reference size profiles 410 (each one at
a different time) to a level of integrity (RQI 450) according to embodiments of the present

invention.

[0019] FIG. 4B shows a table 490 that provides which size protiles (degradation standards)

correspond to which color according to embodiments of the present invention.

[0020] FIG. 5 is a flowchart of a method 500 for determining a level of integrity of a sample of

biomolecules according to embodiments of the present invention

[0021] FIG. 6 shows an electropherogram 600 with rRNA peaks and three regions whose area

ratios are used to define a size profile according to embodiments of the present invention.

[0022] FIG. 7 1s a flowchart of a method 700 for determining a level of integrity of a sample of

biomolecules using peak area ratios according to embodiments of the present invention.

[0023] FIG. 8 shows a block diagram of an exemplary computer apparatus usable with system

and methods according to embodiments of the present invention.

[0024] FIG. 9A 1s a table illustrating the reproducibility of RQI measurements of intact and

partially degraded RNA samples according to an embodiment of the present invention.
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[0025] FIG. 9B is a table illustrating the lower limits of RNA concentrations for RNA

detection and RQI determination according to an embodiment of the present invention.

[0026] FIG. 9C shows a table illustrating the impact of RNA degradation on real-time qPCR

CT according to an embodiment of the present invention.

[0027] FIGS 10 A and 10B show the effect of RNA concentration on RQI determination

according to an embodiment of the present invention.

[0028] FIG. 11 shows a comparison of electropherogram profiles and RQI values at different
time points between natural RNase and heat-mediated degradations according to an embodiment

of the present invention.

[0029] Fig. 12 shows plots illustrating an assessment of RNA degradation by real-time qPCR

according to an embodiment of the present invention.

[0030] FIG. 13 is a plot illustrating a correlation between RQI and the relative amount of

specific transcript RNA remaining according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0031] Before a scientist performs tests on a sample of biomolecules, the scientist would like
to know whether the biomolecules are intact (i.e. have high integrity). For example, 1f the
scientist is studying a certain type of RNA, the scientist wants to know whether the RNA have

been broken (low integrity) or have survived the travel from the tissue to the sample holder.

[0032] There are different characteristics of a sample to determine whether the sample 1s
suitable for performing the test. The concentration measures the amount of biomolecules (e.g.
relative to a solvent, such as water) in the sample. If the concentration is low, the test may not

have enough biomolecules to obtain any measurement.

[0033] The quality of the biomolecules relates to the biomolecules themselves, such as
contamination. For example, if the sample includes different types of molecules (e.g. other
molecules that are the same size as the biomolecules of interest), the sample may not have good
quality when the scientist is only interested in one or a few of the biomolecules. The quality also

includes the integrity of the biomolecules, which can be even more prevalent than contamination.
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[0034] As used herein, the term “integrity” is a measure (extent) of a degradation of the
biomolecules of a sample, e.g., relative to a starting point (such as when the biomolecules are n
tissue). Over time, the biomolecules (e.g. RNA) may cleave and become smaller particles. This
degradation can causes errors as the test may not detect the biomolecules because they have

5  changed form (e.g. becoming smaller). Thus, in one aspect, a determination of integrity can test
how similar the biomolecules of the sample are relative to the biomolecules when they are in
living tissue. As used herein, a “biomolecule” is any molecule that has one state in a living

organism and can degrade.

[0035] Since the size of a biomolecules is related to the integrity, the size may be used to
10  measure the integrity. Electrophoreses techniques measure the size particles, and thus are well
suited for such integrity measurements. Embodiments of the invention provide an accurate,

efficient, and consistent way to measure the integrity of the biomolecules of a sample.

[0036] FIG. 1A shows an electrophoresis system 100 according to embodiments of the present
invention. As shown, the electrophoresis system 100 is microfluidics-based. However, other

15  types of electrophoresis systems may be used in other embodiments. These methods, which
measure fluorescence of a fluorophore bound to very small amounts of RNA, overcome many of
the limitations of agarose gel electrophoresis. For example, as little as 100 pg of RNA may be

needed to produce an electropherogram displaying two distinctive peaks of rRNAs.

[0037] In operation, the biomolecules of sample 105 is provided into at least one channel 110.
20  The biomolecules of the sample 105 are driven through the channel 110 from left to right
(motion depicted with an arrow) by the voltage (V) 115. Note that the voltage may be positive
or negative. As shown, the biomolecules have different sizes, which is depicted as dots of
different sizes. For example, some of the biomolecules (e.g. RNA) may have a first length and

others have a second length that is longer than the first length.

25 [0038] Biomolecules of different lengths will travel at different speeds. Smaller molecules
will be accelerated to higher speeds since they are easier to move with a same amount of force
(i.e. the electrical force which may be about the same for each distinct molecule). This

difference in speed can be used to determine the size of the biomolecules.

[0039] As the biomolecules move through the channel 110, they reach a detection region 120.

30  Since the biomolecules of different size move at different speeds, they will reach the detection
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region 120 at different times. Once a biomolecule reaches the detection region 120, the
biomolecule receives electromagnetic radiation 125 from a laser 130. The biomolecules have

fluorescent dyes as a fluorescent intercalating agent.

[0040] When the radiation 125 is received by the biomolecules, the fluorescent agent 1s excited
and emits its own electromagnetic radiation 135. Using ethidium bromide as the fluorescent dye
can require on the order of 200 ng of RNA to make an accurate assessment of its integrity. The
amount needed can be reduced by using alternative fluorescent dyes, e.g., to as little as 100

picograms (pg) of RNA.

[0041] A detector 140 receives the radiation 135 and measures the amount (strength) of the
signal over time. The strength of the signal at a specific instant in time will depend upon the
number of biomolecules present in the detection region 120 during that time. In this manner, the
number of particles with a specific size can be measured by looking at a plot of the signal over
time (an example of a size profile), which is called an electropherogram in some embodiments.
A size profile provides a measure of a distribution of values of at least one dimension (e.g.

length) of the biomolecules in the reference sample

[0042] FIG. 1B shows an exemplary electropherogram trace 170 as an example of a size
profile of a sample of biomolecules. The Y axis shows a strength of the fluorescent signal in
relative units (RU). The X axis is time as measured in seconds. The electropherogram trace 170
provides the distribution of the size of the particles, with a higher RU value corresponding to
more molecules of a particular size. The electropherogram tracel70 displays two distinctive
peaks of rRNAs, which is normal for a sample having high integrity. Other sizes profiles, e.g..,
ones that show differences spatially as opposed to temporally, may also be used in embodiments

of the present invention.

[0043] In one embodiment, after the detector 140 reads a specific value at an instant in time,
the detector 140 can then send the one data point to a computing system 150. In another
embodiment, after the detector 140 reads a whole trace, the detector 140 can then send the entire
size profile to the computing system 150, which analyzes the size profile to determine a level of
integrity. Accordingly, in one embodiment, the electrophoresis system 100 combines
quantitation and quality assessment in a single apparatus. In one aspect, the level of integrity 1s
determined by comparing the just measured size profile to reference size profiles stored in a

memory 15).
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[0044] In one embodiment, the method of determining the level of integrity 1s based on
matching an RNA sample’s size profile with the reference size profiles (e.g. by comparing
electropherograms). Since the RNAs degrade and therefore decrease in size, eventually
disappearing, there is an accumulation of fast-moving, low molecular weight components, while
the amount of high molecular weight components is decreasing. In simple terms, the
components migrate towards the left end of the electropherogram. It is therefore possible to
establish a set of profile standards - from intact to degraded — constituting a degradation

reference scale from 10 (intact) to 1 (fully degraded).

[0045] A description of the creation of the reference size profiles (also called degradation

standards) follows.

[0046] FIG. 2 1s a flowchart 1llustrating a method 200 of manufacturing an electrophoresis
system that determines a level of integrity of a sample according to embodiments of the present
invention. The electrophoresis system (e.g. system 100) is capable of determining a level of
integrity of a sample using reference size profiles (degradation standards) that are stored in the

electrophoresis system.

[0047] In step 210, one or more reference samples of biomolecules 1s received. A reference
sample may be composed of a plurality of separate vials or other containers. The sample may
also be subsequently split up into the separate vials or other containers. However, each of the
reference samples have the same or similar initial integrity. In one aspect, the degradation

standards are generated from RNA of the same origin and the same concentration.

[0048] In step 220, a first size profile of the reference sample of biomolecules 1s measured at a
time zero. The time zero 1s taken as the start of degradation, thus this first size profile 1s taken as
having no degradation. In some embodiments, the sample may actually have no degradation

relative to the tissue from which the sample was taken. In other embodiments, the sample may

have some or minimal degradation.

[0049] In step 230, a respective size profile of the reference sample of biomolecules is
measured at each of a plurality of successive times of degradation of the reference sample. In
one embodiment, when the reference sample is initially split into several containers, each

measurement may come from a different container.
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[0050] The successive times may be widely varying, depending on the rate of degradation that

1s occurring. For example, the times may be periodic (e.g. every hour or 2 hour) or separated by

different times (e.g. measured more often as the beginning relative to the end). Also, as different

biomolecules may degrade at different rates, different sets of reference size protiles may be used

depending on the biomolecules of interest. For example, in one embodiment, the times may be

0, 3,5, 12, 20, 25, 31, 40, 52, 90, 150, and 270 min.

[0051] In one embodiment, the respective size profile referred to relate to the reterence size
profiles that are used in later steps. For example, many size profiles may be measured at varying

times, but one some of these reference size profiles are considered part of the plurality obtained

(kept) in step 230.

[0052] In step 240, each size profile is mapped to a level of integrity, wherein a size profile
measured at a later time of degradation maps to a lower level of integrity. In one embodiment,
the level of integrity is measured from 10 (intact, 1.e. first size profile) to 1 (fully degraded). In
another embodiment, the mapping is performed to a color scale. In yet other embodiments, a

text based scale may be used.

[0053] In step 250, the size profiles associated with the corresponding level of integrity are
stored in a computer readable medium (e.g. memory 155) of the electrophoresis system. In one
embodiment, the standards may be stored as the run files in a separate folder and deployed along

with the application during the software installation process of the electrophoresis system.

[0054] The size profile may be stored in any suitable form. In one embodiment, the size
profile is a sequence of data points, each data point including time and the corresponding
fluorescence value. In another embodiment, the size profile is a set of numerical values that
describe the data points of the electropherogram, graph, stain, or other measure. For example,
the size profile may be one or more ratios of different regions of the electropherogram, as

described in more detail later.

[0055] In one embodiment, the degradation standards were generated by incubating 12 human
liver RNA samples at a concentration of 100 ng/ul (Experion RNA StdSens analysis kit) in TE
(10 mM Tris-HCI pH 8.0, 1 mM EDTA) at 90°C. Electropherograms of the standards are shown

on the FIG. 3A.
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[0056] FIGS. 3A and 3B show different reference size profiles (marked as different sample
numbers) taken at different times of degradation according to embodiments of the present

invention. FIG. 3A shows electropherograms for 12 RNA degradation standards. FI1G. 3B
shows virtual gel image of the 12 RNA degradation standards.

[0057] In FIG. 3B, L refers to the RNA ladder. A DNA ladder is a solution of DNA

molecules of different lengths used in electrophoresis as a reference to estimate the size of

unknown biomolecules.

[0058] In one aspect, the different standards show a regular progression of degradation over
time. In other words, a significant (and sometimes equal) amount of degradation occurs between
each sample. The times chosen of the sample may vary, depending on the rate of degradation

that is occurring. The rate of degradation may vary based on an incubation temperature or other

external conditions.

[0059] As one can see, the peaks for the sample 1 (no degradation) migrate to the left as time
elapses. Such migration and change of peaks can be used to identify a level of integrity of the
biomolecules of a sample. The level of integrity may be equal to or be composed of an RNA

quality indicator RQI when the biomolecules are RNA.

[0060] FIG. 4A shows a table 400 of a mapping of the reference size profiles 410 (each one at
a different time) to a level of integrity (RQI 450) according to embodiments ot the present
invention. The mapping may be linear or non-linear and have various forms. For example, 1t

there were 10 standards, a linear mapping would provide each successive size profile having an

RQI value 450 of one less than the previous size profile.

[0061] The RNA area 420, RNA concentration, ratio 440 of peak 28S to peak 18S, and RQI
classification 460 are also provided. The RNA area 420 is the total area under the curve in the
electropherogram and may be used to normalize certain features of the electropherogram traces,
e.g., in order to account for spurious shifts up and down in the traces. For example, an area of
one region relative to another region (such as ratio 440 of peak 28S to peak 18S, which 1s

discussed later) may be normalized (e.g. divided) by the RNA total area 420.a

[0062] In the example shown, 12 the size profiles (degradation standards) 410 are provided
(e.g., the standards from FIG. 3A); however, any number of standards may be used. In one

embodiment, the standards are linearly mapped to RQI 450 on the interval from 1 to 10, where 1

10
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corresponds to the most degraded standard (sample 12) and 10 corresponds to the most intact

standard (sample 1).

[0063] For a linear mapping of standard number to RQI 450, where the standards are taken at
shorter time intervals at first and then larger time intervals later, the RQI value 450 decreases fast
vs. time and then begins to level out at a low value (e.g. <2) for large times (e.g. greater than 1
hour). In one aspect, such a linear mapping when the time periods are not uniform may be used
when the degradation between different standards corresponds to a same percentage of change In
degradation. In such an example, more degradation (e.g., as measured by the ratio 440) would

occur initially (10 to 9) then from (7 to 6), but a similar percentage may occur.

[0064] In other embodiments where the samples are taken at relatively equal times, the RQI
value may decrease at the same speed over time. A non-linear decrease (e.g. fast at first) in RQI
450 vs. time would be more common at a higher temperature (e.g. 90° C) , whereas a more linear
decrease might occur at room temperature (27° C). However, in either case, the standards may

correspond to roughly equal amounts ot degradation.

[0065] The degradation standards 410 or the RQI 450 may also mapped to a RQI classitication
460, which may be a simple color coded scheme to identify if a sample is good or not. Text
based classifying schemes may also be used. The RQI classification 460 may be defined by the

user, and also may correspond to a level of integrity.

[0066] FIG. 4B shows a table 490 that provides which size profiles (degradation standards)
correspond to which color according to embodiments of the present invention. In one
embodiment, relationships between the color scale and the reference size protile number or a
numerical level of integrity (e.g. RQI 450), which may be normalized, are defined in the settings

and can be changed by the user.

[0067] The RQI 450 (or equivalently RQI classification 460 as a result of a mapping) can be
used as a standardized measure of RNA integrity across samples and experiments. It provides an
objective and consistent criterion to select samples that meet minimal integrity levels required
for specific downstream applications. The connection between RQI value and the utility of a
sample for a specific downstream application has to be determined empirically by the user. Once
this value is known, it can be used to specify the color code used in a run summary page, €.g., on

a user interface of the computing system 150.
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[0068] In some embodiments, the level of integrity is provided as the RNA quality indicator
(RQD. The RQI can be used to measure RNA integrity by comparing the electropherogram ot
RNA samples to the series of standardized degraded RNA samples. As described above, a
number between 10 (intact RNA) and 1 (highly degraded RNA) can be returned for each

eukaryotic RNA sample run on an electrophoresis system.

[0069] FIG. 5 is a flowchart of a method 500 for determining a level of integrity of a sample of
biomolecules according to embodiments of the present invention. The sample of biomolecules 1s
the sample for which it is desired to determine the level of integrity. In one embodiment, if the
sample is contaminated (e.g. has a low quality due to other molecules), then the method 500 1s
aborted. In one aspect, the user can identify the quality by visual inspection of an output ot an

electrophoresis system.

[0070] In step 510, a first size profile of the sample of biomolecules is received. The size
profile provides a measure of a distribution of values of at least one dimension of the
biomolecules in the sample. The size profile may be measured by a detector of an
electrophoresis system and sent to a separate computing system or one that is part of the

electrophoresis system.

[0071] In step 520, a computing device (e.g. computing system 150) compares the first size
profile to a plurality of reference size profiles. In one aspect, each reference size profile 1s
measured at a different time of degradation of a reference sample of biomolecules. In another
aspect, each reference size profile correlates to a different level of integrity. For example the
reference size profiles resulting from method 200 may be used, with the RQI ot FIG. 4A being

used to determine the RQI value of the sample.

[0072] In one embodiment, the first size profile may be compared to another set of reference
size profiles as well. This may be done in order to provide an average of levels of integrity from

different reference samples.

[0073] In an embodiment, the ratios of peaks in a size profile may be used for the comparison.
[n another embodiment, the comparison may take the form of identifying the size protile on a
functional fit that approximates the reference size profiles. Thus, since the functional fit 1s
defined by the reference size profiles, such an identification provides a comparison to the

reference size profiles. In yet another embodiment, the comparison may be pertormed by
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computing an overlap value between the two profiles, e.g., calculating an area of overlap ot two

normalized electrophoretic traces.

[0074] In step 530, the computing device determines the level of integrity of the sample of
biomolecules, based on a similarity of the first size profile to one or more of the reference size
profiles. The exact method for determining the level of integrity can be varied. For example, the
level of integrity of the reference size profile that is most similar to the first size profile may be
used as the level of integrity for the first size profile. The level of integrity of the first size
profile may also be taken as an average of the levels of integrity of two or more size profiles that
are similar. For example, the first size profile may lie between two reference size profiles, and a

weighted average of the levels for those two reference size protfiles may be used.

[0075] In one embodiment, an interpolation (e.g. weighted linear combination of the RQIs of
each of the reference size profiles) may be used. The linear coefficients may be considered as a
measure of an overlap (or other type of similarity) of the first size profile to the size protile ot a

particular reference size profile.

[0076] In one aspect, method 500 maps measurements in an N-dimensional space (e.g.
fluorescent signal values) into a simplified single dimensional space. As described herein, the
simplified expression may be a number ( RQI value), color, or other classification. In one
embodiment, the RQI value is defined as: Is = Ija;, where I; is a set of integrity numbers assigned
to the standards, and where a; is a measure of similarity (e.g. overlap) of the first size profile to

the ith reference size profile.

[0077] The underlying physics of the RNA degradation and peculiarities of the signal
measurements makes it reasonable to assume that the degradation-related characteristics can be
presented as a ratio of the signal values over different intervals. In one aspect, for sample-to-
sample compatibility, the intervals should be selected in the vicinity of a distinctive mark related
to the molecules of the same size. In one embodiment, Ribsomal RNA (rRNA) peaks are used as
the distinctive marks. In this manner, a shifting in time of the electropherogram can be

accounted for.

[0078] FIG. 6 shows an electropherogram 600 with rRNA peaks and three regions whose area

ratios are used to define a size profile according to embodiments of the present invention. As
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with the electropherogram of FIG. 1B, the Y axis is the fluorescence and the X axis 1s time 1n

second.

[0079] Region 1 relates to a pre-18S peak area, region 2 relates to the 18S peak area, and
region 3 relates to the 28S peak area. The different areas are calculated by determining the area
under the curve 610 for the width of a particular region. The 28S:18S and 18S:pre-18S ratios, as

well as any RNA concentrations may be automatically calculated.

[0080] In an embodiment, the 18S peak region and the 28S peak region are defined by the
peaks within the respective regions. A user can identify a particular time window or part of the
electropherogram in which to search for these peaks. The system software can find the peaks
and then locate the regions around the peaks. The final widths may be the same as the time
window that the user entered to find the peaks, or the widths may be difterent. In one
embodiment, the pre-18S width is the same as the 18S width. In another embodiment, the start

of the 18S region may be determined when the signal reaches a threshold value.

[0081] Accordingly, in one embodiment, an area ratio of the ribosomal fragments (e.g. the area
ratios of region 3 to 2 and/or the area ratios of region 1 to 2) may be used to define a size profile.
For example, a size profile may be defined by these two ratios. These one or more ratios may be
what is stored as a reference size profile. These area ratios are examples of size features of a size
profile. Other suitable size features, such as peak heights or time location for a peak may be

used.

[0082] The 28S/18S ratio generally decreases during continued degradation, and the
pre-18S/18S ratio generally increases during continued degradation. Thus, each of the difterent
standards will generally have a different ratio (i.e. there is a one to one mapping of the area
ration to a standard and an RQI value). Accordingly, these ratios may be used to determine a

level of integrity (e.g. an RQI) of a sample.

[0083] FIG. 7 is a flowchart of a method 700 for determining a level of integrity of a sample ot
biomolecules using peak area ratios according to embodiments of the present invention. In one
embodiment, method 700 uses the pre-18S/18S ratio and the 28S/18S ratios to detine a size
profile. In one aspect, method 700 can take 30 minutes from start of a run of the electrophoresis

process on the sample to obtaining the level of integrity.
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[0084] In step 710, regions near a distinctive peak (or other marking) are determined. In one
embodiment, three regions are the pre-18S (below the 18S rRNA band), 18S, and 28S regions of
an electropherogram, as shown in FIG. 5. The 28S and 18S ribosomal peaks are prominent
components of intact RNA, while pre-18S and 18S regions of the electropherogram are
prominent components in assessing degraded RNA. In another embodiment, only one of the

ratios 1s used.

[0085] In step 720, ratios of the areas of the regions are calculated. In one embodiment, the
pre-18S/18S ratio and the 28S/18s ratios are calculated as defining the first size protile of the
sample whose level of integrity is to be determined. Note that the inverse of the ratios may also
be used. In another embodiment, the areas for each region are normalized by the entire area

under the curve.

[0086] In one embodiment, a user can directly redefine ribosomal fragments on-screen (1.e. a
display of the electropherogram trace). For example, the user can change a fragment start and/or
end, thereby causing a change in a position of the region(s) and an area of the region(s). As
another example, the user can adjust a width of a region. In another embodiment, the user can

adjust peak finding parameters in the software, which can affect the position and area of a region.

[0087] In step 730, an individual RQI (integrity value) for each of the ratios is determined for
the sample by comparing to the corresponding ratios of a plurality of reference ratios defining a
set of reference size profiles. In one embodiment, the pre-18S/18S ratio increases between each
reference size profile of a lower integrity, thus this ratio of the sample can be placed between the
ratios of two reference size profiles. Thus, the closest standards can define the sample
degradation index (i.e. level of integrity of the sample). In one aspect, the sample degradation

index may be calculated as a normalized linear interpolation between the two closest standards.

[0088] For example, the pre-18S/18S ratio of the first size profile may have a value of 1.5,
which lies between values of 1.3 (corresponding to RQI of 8) and 1.7 (corresponding to RQI of
6) of the reference size profiles. Thus, the RQI for the pre-18S/18S ratio of the first size profile
may be taken as 7, an equal weighted average of the values (1.3 and 1.7). If the pre-18S/18S
ratio was closer to 1.7, the weighted average would favor 6, and the RQI would be less than 7. A
similar procedure may be done for a 28S/18S ratio that decreases for reference size profiles of a

lower integrity.
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[0089] In another embodiment, the data points of the pre-18S/18S ratio vs. RQI may be fit to a
functional form (e.g. using least squares, interpolation, or any other suitable fitting method).
Thus, a specific value of the functional form will map a value of the pre-18S/18S ratio to an RQI
value. The functional form may be stored in an electrophoresis system as the reference size
profiles. Note when the value of the pre-18S/18S ratio 1s determined from the functional form,
the value from the reference size profiles are still being compared. The 28S/18S ratio may be

determined 1n the same manner.

[0090] A level of integrity for the sample is then determined from the individual RQIs of the
two ratios for the first size profile. For example, a weighted average may be taken. To

determine, such a weighting the following steps may be done.

[0091] In step 740, weightings for individual RQIs are determined based on individual RQIs
(or equivalently the ratios values when there 1s a 1-1 mapping). In one embodiment, the
weilghtings are determined based on the relation of the individual RQIs to each other. In another
embodiment, the weightings are determined based on the relation of the individual RQIs to an

absolute value.

[0092] In one embodiment, one of the ratios or equivalently the RQI corresponding to the ratio
is compared to a threshold value. For example, the 28S/18S ratio or equivalently the RQI of the
28S/18S ratio is compared to a threshold value. In one embodiment, the threshold of the RQI 1s
6. Depending on this comparison, different weights are used. The pre-18S/18S ratio may be

compared to a threshold instead.

[0093] If the RQI of the 28S/18S ratio is greater than the threshold, then the RQI of the
28S/18S ratio has a greater weighting in the average. In one embodiment, the 28S/18S ratio is
weighted by a factor three over the pre-18S/18S ratio if the 28S/18S ratio 1s greater than the
threshold. In another embodiment, the 28S/18S ratio and the pre-18S/18S ratio are weighted
equally.

[0094] Accordingly, in one embodiment, differential weighting is used to evaluate components
of the electropherogram, based on how the sample maps to the reference standards . In cases
where the RNA sample maps to a more degraded standard, more emphasis is placed on the
pre-18S and 18S regions of the electropherogram for generating the RQI value. In other cases

where the RNA sample maps to a higher integrity standard, more emphasis 1s placed on the 28S
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and 18S regions. The initial determination may be made from the individual RQIs for either of

the ratios.

[0095] In step 750, level of integrity is calculated from individual RQIs using the determined

weightings. For example, an average using the weighting may be used.

[0096] In summary, embodiments provide methods and electrophoresis systems that offer a
robust assessment of RNA integrity. In one embodiment, three regions of an electrophoretic

profile are compared to a series of degradation standards. As shown in the examples section,
embodiments are shown to work well over a wide range of RNA concentrations (100 pg to 5,000
ng), is very reproducible (%CV <3), and is applicable to a wide range of mammalian tissues.
Also, the applicability has been demonstrated in a report showing a strict correlation between

RQI values and RNA quantitation results by real-time PCR.

[0097] Accordingly, embodiments can check for RNA degradation using automated
separation, detection, and data analysis. Also, embodiments provide a useful tool to
quantitatively assess integrity of RNA samples before embarking on labor-intensive and costly
projects, and enable the standardization of sample testing for microarray and quantitative
real-time PCR analyses. This process, paired with chip priming station and proprietary software,
provides improved data generation, storage, and reporting. Additionally, minimal sample

requirements mean that a user won't waste a drop of previous samples.

[0098] FIG. 8 shows a block diagram of an exemplary computer apparatus usable with system
and methods according to embodiments of the present invention. For example, the computer

apparatus is usable as or as part of the computing system 150 of FIG. 1A.

[0099] Any of the PLC or computer terminal may utilize any suitable number of subsystems.
Examples of such subsystems or components are shown in FIG. 8. The subsystems shown in
FI1G. 8 are interconnected via a system bus 875. Additional subsystems such as a printer 874,
keyboard 878, fixed disk 879, monitor 876, which is coupled to display adapter 882, and others
are shown. Peripherals and input/output (I/0) devices, which couple to 1/0 controller 871, can
be connected to the computer system by any number of means known in the art, such as serial
port 877. For example, serial port 877 or external interface 881 can be used to connect the
computer apparatus to a wide area network such as the Internet, a mouse input device, or a

scanner. The interconnection via system bus allows the central processor 873 to communicate
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with each subsystem and to control the execution of instructions from system memory 872 or the
fixed disk 879, as well as the exchange of information between subsystems. The system memory

872 and/or the fixed disk 879 may embody a computer readable medium.

[0100] The specific details of the specific aspects of the present invention may be combined in
any suitable manner without departing from the spirit and scope of embodiments of the
invention. However, other embodiments of the invention may be directed to specific
embodiments relating to each individual aspects, or specific combinations of these individual

aspects.

[0101] It should be understood that the present invention as described above can be
implemented in the form of control logic using hardware and/or using computer software in a
modular or integrated manner. Based on the disclosure and teachings provided herein, a person
of ordinary skill in the art will know and appreciate other ways and/or methods to implement the

present invention using hardware and a combination of hardware and software

[0102] Any of the software components or functions described in this application, may be

implemented as software code to be executed by a processor using any suitable computer

language such as, for example, C#, Java, C++ or Perl using, for example, conventional or object-
oriented techniques. The software code may be stored as a series of instructions, or commands
on a computer readable medium for storage and/or transmission, suitable media include random
access memory (RAM), a read only memory (ROM), a magnetic medium such as a hard-drive or
a tfloppy disk, or an optical medium such as a compact disk (CD) or DVD (digital versatile disk),
flash memory, and the like. The computer readable medium may be any combination of such

storage or transmission devices.

[0103] Such programs may also be encoded and transmitted using carrier signals adapted for
transmission via wired, optical, and/or wireless networks conforming to a variety of protocols,
including the Internet. As such, a computer readable medium according to an embodiment of the
present invention may be created using a data signal encoded with such programs. Computer
readable media encoded with the program code may be packaged with a compatible device or
provided separately from other devices (e.g., via Internet download). Any such computer
readable medium may reside on or within a single computer program product (e.g. a hard drive

or an entire computer system), and may be present on or within different computer program
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products within a system or network. A computer system may include a monitor, printer, or

other suitable display for providing any of the results mentioned herein to a user.

[0104] The above description of exemplary embodiments of the invention has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form described, and many modifications and variations are possible in
light of the teaching above. The embodiments were chosen and described in order to best
explain the principles of the invention and its practical applications to thereby enable others
skilled in the art to best utilize the invention in various embodiments and with various

modifications as are suited to the particular use contemplated.

[0105] A recitation of "a", "an" or "the" is intended to mean "one or more" unless specifically

indicated to the contrary.

EXAMPLES

The following examples are offered to illustrate, but not to limit the claimed invention.

I. Reproducibility

[0106] Interchip reproducibility of RQI values was evaluated by analyzing a mouse brain total
RNA sample (Ambion) at 250 ng/jJ1 on six different chips with 12 samples per chip (n =72).
The RQI values returned ranged between 8.7 and 9.7 with a mean RQI value of 9.4 and a percent
coefficient of variation (%CV) of 3.5%. Reproducibility of RQI measurements on a less intact
sample of rat liver RNA run at two different concentrations, 100 ng/jJI and 2 ng/jJ1, showed a
high reproducibility across 12 and 11 runs using the Experion RNA 8td8ens and High8ens
analysis chips, respectively. All RQI values fell into a tight range with a low standard deviation,
as shown in Table 1 of FIG. 9A. Together, these data show that RQI values are very

reproducible.

II. Effect Of Concentration

[0107] The effect of RNA concentration on RQI precision was determined by analyzing RNA
samples with different levels of integrity. RNA samples were diluted to cover the entire dynamic

range of the standard and high-sensitivity RNA chips. The qualitative detection range 1s 5-500
ng/fJl and 100-5,000 pg/f]l for Experion RNA StdSens and HighSens chips, respectively, as
shown in Table 2 of FIG. 9B..
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[0108] FIGS 10 A and 10B show the effect of RNA concentration on RQI determination
according to an embodiment of the present invention. To determine the lower limit of RNA
concentrations for RQI determination using the Experion RNA StdSens chip, four samples of
RNA from mouse and rat liver with different levels of integrity (RQI values ranging between -3
and 9, FOGS. 10A, B) were used. Twelve serial dilutions (between 1-100 ng/ul) were prepared
from each sample and run in triplicate on three StdSens analysis chips. The reported RQI values
at each concentration, as measured by the Experion system (FI1G. 10A), indicate that a correct

RQI value (within 1 unit of its expected value) 1s returned for RNA concentrations above 10 ng/

ul.

[0109] The lower limit of RNA concentrations for RQI determination with the HighSens
analysis chip was determined using an intact mouse liver RNA sample. Twelve RNA
concentrations ranging between 10-10,000 pg/ul were analyzed in triplicate using HighSens
analysis chips, The results (FIG. 10B) indicate that the RQI value s accurately reported (within 1
unit of its expected value) above 200 pg/ul with the Experion RNA HighSens analysis chip.

[0110] These experiments showed that a reliable RQI value is reported at or below the actual
lower limit of quantitative detection for RNA for both Experion RNA chips (Table 2 of FIG.
9B). For samples whose concentrations fall below these thresholds, the Experion system cannot
reliably report a valid RQI value and conveniently flags the sample by providing the comment
"RNA conc. too low". This cutoff can be overridden by the user by checking a box in the RQI

settings, allowing display of the values in brackets.

III. Application To Different Tissue And Organism

[0111] Embodiments have established reference size profiles using human liver RNA samples

for standards and are intended to be used on eukaryotic samples. To test the applicability of the
embodiments to different RNA sample types, a variety of different sample tissues and sources
were evaluated. These included a series of 20 human RNA samples from different tissues
(FirstChoice human total RNA survey panel, Ambion). This study indicated that the RQI method
can be used to assess integrity of RNA from a variety of human tissues and compared to
measured RIN values. Additionally, hundreds of RNA samples were extracted and RQI values
measured for a variety of tissues and organisms, including mouse liver, heart, brain, skin,
cartilage, and skeletal muscle; rat brain and liver; rabbit lung; human neural blastoma biopsy

samples; human endometrium biopsy samples; and HelL a, Jurkat, and HEPG2 cultured cells. All
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RQI values, independent of the methods used for RNA extraction (TRI reagent or membrane-
based methods, such as Bio-Rad's Aurum total RNA fatty and fibrous tissue kit or Aurum total

RNA mini kit), could be confirmed by visual interpretation of the electropherograms.

[0112] Although embodiments of reference size profiles created in one tissue and organisms
have been shown to be applicable in a variety of tissues and organisms, different standards
(reference size profiles) may be used for different tissues and for same tissue but different

organism.

IV. Accuracy for RNase degradation

[0113] The RQI algorithm was established using heat-degraded RNA as reference samples.
However, degradations that occur during the RNA extraction procedure are generally caused by
the action of endogenous or exogenous RNases. To assess the validity of the RQI algorithm on
such samples, RQI measurements of heat- and RNase-degraded RNA samples were compared.
Endogenous RNase degradation was induced by incubating tissues (liver) at room temperature
prior to RNA extraction. The two types of degradations yielded significantly different

electrophoresis profiles as shown in FIG. 11.

[0114] FIG. 11 shows a comparison of electropherogram profiles and RQI values at difterent
time points between natural RNase and heat-mediated degradations according to an embodiment
of the present invention. RNA extracted from rat livers incubated at room temperature prior to
extraction (left panels) are cdmpared to profiles from heat-degraded RNAs (right panels). 185
and 28S rRNA peaks map at 40 sec and 47 sec respectively. RQI value and incubation time 1s

indicated for each graph.

[0115] One of the main differences resides in the size distribution of the degradation products.
While heat degradation produces a homogenous population of fragments across all sizes,
degradation by RNases yields fragmeﬁts of discrete sizes that appear as distinct peaks or spikes
in the electropherogram. RQI calculations are not affected by the presence of the discrete bands
of degraded RNAs in the pre-18S region of the electropherogram. The RQI software will return a
valid number assuming that both the 18S and 28S rRNA peaks have been correctly identitied.
FIG. 11 shows that similar RQI values, compared to heatdegraded samples, were calculated

across a wide range of "natural" degradation times (0-120 min).
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V. Raw Accuracy

[0116] In a study of over 2,500 RNA samples, less than 1% of the lanes (22 out of 2,500)
returned anomalous RQI results (>1 RQI unit different from value expected from visual
inspection). Of that small percentage, the most frequent miscalled RQI value occurred due to
miscalled ladder lanes, where RNA ladder fragments were misidentified by the software
resulting in misidentification of the 18S and 28S regions. Since embodiments of the RQI
calculation rely on these regions, their improper identification can lead to erroneous RQI values.
This problem can be easily detected by visual inspection of the electropherogram and fixed by
adjusting the peak identification parameters or by using manual integration (for the ladder well
only) to add or delete ladder peaks to correct the miscalled band. Contamination with DNA may
also affect the RQI readings. In rare cases, the peak of contaminating DNA may be identified as
the 18S rRNA peak leading to an erroneous RQI value. This too can be corrected by redefining

manually where the appropriate fragment starts and ends.
VI. Confirmation with qPCR

[0117] Real-time gPCR was performed on liver carcinoma RNA samples that were degraded
for different lengths of time by incubation at 90°C. Mean CT values of five transcripts obtained
from triplicate reactions were determined at a threshold of 100 relative fluorescence units (RFU)
using the 1Cycler 1Q real-time PCR detection system with version 3.1 software. ACT indicates
the change in CT value over the 7 hr degradation period. Traces for the gPCR reactions from

which these data were derived are shown in FIG. 12.

[0118] RNA (500 ng) was converted to cDNA using the iScripi'™ cDNA synthesis kit. The
cDNA (10 ng) was then amplified in triplicate reactions with 1Q™ SYBR® Green supermix, and
0.5 uM of each primer pair for 18S rRNA, and the B-actin, GAPDH, HPRT, or B-tubulin genes

using the 1Cycler 1Q® real-time PCR detection system with version 3.1 software (Gingrich et al.

2006).

[0119] To determine the amount of RNA degradation in samples at different time points,
qPCR was performed on the RNA samples. In these experiments, primers specific for the 18S
rRNA and four selected protein-encoding genes were used 1n real-time qPCR reactions to

quantitate the relative abundance of their respective transcripts at the various time points.
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[0120] Fig. 12 shows plots illustrating an assessment of RNA degradation by real-time qPCR
according to an embodiment of the present invention.. gPCR traces obtained from liver
carcinoma total RNA samples degraded for different lengths of time and amplified using primers
for the genes indicated. As one moves to the right, the different curves are for no degradation; 1
hr degradation; 3 hr degradation; 5 hr degradation; and 7 hr degradation. Mean CT values

obtained from these traces are shown in Table 3 of FIG. 9C.

[0121] The results presented in FIG. 12 show that while 18S rRNA appears to have remained
mostly intact over the degradation time course, the abundance of the transcripts of the four

protein-encoding genes decreased over time.

[0122] Degradation rates for the protein-encoding gene transcripts are reflected in the
increasing threshold cycle (CT). In real-time qPCR experiments, the CT number is the number of
cycles needed for amplified cDNA fluorescence to pass a set threshold. The CT number is used
to compare the difference in quantity of starting transcript. A difference of one cycle reflects a 2-

fold difterence in the amount of starting transcript (assuming 100% amplification efficiency).

[0123] The CT values of the qPCR reactions from the five gene transcripts are shown in Table
3 of FIG. 9C. The data indicate that the transcripts of the four protein-encoding genes tested were
present in different amounts in the initial sample with the B-actin transcript being the most
abundant and HPRT transcript the least abundant. As expected, transcripts of the 188 rRNA were
much more abundant than any of the protein coding gene transcripts. Through the 7 hr
degradation time, the 18S rRNA was degraded to a much lesser extent than the protein gene
transcripts, as seen by a ACT of 1.3, representing a 2.5-fold (21.3) decrease in transcript amount
compared to the protein gene transcripts with a ACT of 6.8 to 9.9, representing a 128 to 1,0DD-
told (26.8 to 29.9) decrease in transcript abundance.

[0124] In order to correlate the relative amount of remaining RNA of the five different gene
transcripts with the measured RQI of the RNA samples, values were plotted as shown in FIG. 13.
An arbitrary value of 1 was assigned to the transcript levels corresponding to an RQI of 10. All
other values were calculated from the CT values shown in Table 3, assuming that the number of

transcripts 1s reduced by a factor of 2 for each CT increase of 1.

[0125] The plot of FIG. 13 shows that the transcript levels for all five genes decrease

logarithmically relative to the RQI measurements down to an RQI value of 3. Below this value,

23



10

15

CA 02734921 2011-02-21
WO 2010/025447 PCT/US2009/055497

the transcripts decrease at a much faster rate. As mentioned previously, the 18S rRNA transcripts
were more abundant and less affected by degradation. The rates of decrease ot the four protein-
encoding transcripts relative to their RQI measurements were quite similar. Transcripts for
HPRT and GAPDH disappeared slightly faster than those for B-actin and B-tubulin. For
example, the transcripts for HPRT decreased 10-fold over an RQI range of 4 units, while the

transcripts for B-tubulin decreased 10-fold over an RQI range of 7 units.

[0126] These results demonstrate that RQI measurements can be used to estimate the degree of
degradation in an RNA sample. Although we looked at only four protein-encoding genes, they
all appeared to degrade to different extents relative to the RQI score. This indicates that one may
re-evaluate RNA degradation states when comparing or performing qPCR to ensure reliable
results. For example, the color coding may change or the RQI values may change depending on
what specific biomolecule of interest is being used (e.g. amplified). Regardless though, the RQI
still provides a consistent value for a particular degradation state. It 1s up to the researcher of a

specific technique to tdentify which RQI values are required for a specific experiment.

[0127] Therefore, embodiments have been shown to determine a level of integrity (e.g. the
RQI value) with an efficient method that takes into account only three regions of the

electropherogram and that has been shown to be accurate.
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WHAT IS CLAIMED IS:

1. A method of determining a level of integrity of a sample of biomolecules,
the method comprising:

recetving a first size profile of the sample of biomolecules, wherein a size profile
provides a measure of a distribution of values of at least one dimension of the biomolecules in
the sample;

comparing, with a computing device, the first size profile to a plurality of
reference size profiles, each reference size profile being measured at a different time of
degradation of a reference sample of biomolecules, wherein each reference size profile correlates
to a different level of integrity; and

based on a similarity of the first size profile to one or more of the reference size

profiles, determining, with the computing device, the level of integrity of the sample of

biomolecules.

2. The method of claim 1, wherein the reference size profiles are derived

from one or more reference samples containing biomolecules of the same origin and the same

concentration.

3. The method of claim 1, wherein the level of integrity is expressed as a

numerical value within predetermined scale.

4. The method of claim 1, wherein the different times of degradation of the

reference size profiles are zero and successive periodic times.

5. The method of claim 1, wherein the reference size profiles map linearly to

different levels of integrity.

6.  The method of claim I, wherein the at least one dimension is a length of

the biomolecules.

7. The method of claim 1, wherein a size profile comprises a plurality of
ratios of at least three regions, wherein each region corresponds to a different amount of time for
biomolecules of the sample to reach a detection point, wherein biomolecules of different size

reach the detection point at different times.
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8 .  The method of claim 7, wherein the comparing includes:
comparing one or more size features of the first size profile to corresponding size
features of the reference size profiles,
wherein determining the level of integrity of the sample of biomolecules includes:
based on the comparing, determining an integrity value for each size feature
of the first size profile; and
averaging the integrity values to determine the level of integrity of the sample

of biomolecules.

9. The method of claim 8, wherein the one or more size features include a

ratio of areas of a size profile around the rRNA peaks of 18S and 28S.

10.  The method of claim 8, wherein averaging weights one size feature higher

if the integrity value of the one size feature is higher than a threshold value.

11. The method of claim 8, wherein for each size feature of the first size

profile:
comparing one or more size features of the first size profile to corresponding size
teatures of the reference size profiles includes:
identifying two reference profiles having corresponding size features with
values between which lies the value for the respective size feature of the first size profile; and
calculating the differences between the respective size feature of the first size
profile and the values of the corresponding size features of the two reference profiles, and
determining an integrity value includes:
interpolating between the values of the corresponding size features of the two

reference size profiles to determine the integrity value of the respective size feature.
12.  The method of claim 1, wherein the size profile 1s an electropherogram.

13. A computer program product comprising a computer readable medium
storing a plurality of instructions for controlling a processor to perform an operation for of

determining a level of integrity of a sample of biomolecules, the instructions comprising:
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recelving a first size profile of the sample of biomolecules, wherein a size profile
provides a measure of a distribution of values of at least one dimension of the biomolecules in
the sample;

comparing, with a computing device, the first size profile to a plurality of
reference size profiles, each reference size profile being measured at a different time of

degradation of a reference sample of biomolecules, wherein each reference size profile correlates

S O 0 N N D B

to a difterent level of integrity; and
i1 based on a similarity of the first size profile to one or more of the reference size
12 protiles, determining, with the computing device, the level of integrity of the sample of

13  biomolecules.

| 14.  An electrophoresis system comprising:

2 a voltage source;

3 a detector;

4 the computer program product of claim 13; and

S one or more processors communicably coupled with the detector and the
6 computer program product.

] 15. The electrophoresis system of claim 14, wherein the computer program

2 product stores the reference size profiles.

] 16.  The electrophoresis system of claim 14, further comprising a light source
2 that excites luminescent markers on the biomolecules, the light source 1lluminating a tirst

3  electromagnetic radiation at a detection point, and wherein the detector detects a second

4  electromagnetic radiation emitted from the excited biomolecules at the detection point at a

5  specific instance in time.

| 17. A method of manufacturing an electro