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A device for automated hydrodynamic shearing of genomic DNA
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Abstract

We describe a device for automated fragmentation of genomic DNA by hydrodynamic shearing using
a filter screen with uniform pores. Human genomic DNA can be fragmented reproducibly to a range
of 2000-12,000 bp by using various fluid flow rates and screens with 0.5-10-um pores. The
utilization of disposable screens eliminates sample cross-contamination and the tendency of device
clogging, commonly encountered in single-orifice shearing devices.
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The fragmentation of chromosomal DNA and production of unbiased genomic DNA libraries
is a critical and sometimes rate-limiting step in the DNA sequencing pipeline, especially for
many next-generation sequencing platforms. Currently, four methods are commonly used for
DNA fragmentation: enzymatic digestion (1-7), sonication (8), nebulization (9-11) and
hydrodynamic shearing (12,13). Even though all have been used in library construction, these
methods have limitations. Examples include the biases produced by endonuclease digestion,
low cloning efficiency due to DNA damage by sonication (12,14,15), large size distribution
and difficulty in automation by nebulization, and the high cost and clogging issues by
hydrodynamic shearing using instruments with single-orifice devices.

The hydrodynamic shearing method is widely used for shearing genomic DNA (12,13). The
DNA molecules are fragmented by hydrodynamic shear stress when they are forced through
a point-sink such as a small orifice or the bore of a small-diameter tube at high velocity.
Genomic DNA can be sheared randomly with a tight 2—3-fold size distribution, and the cloning
efficiency of the sheared DNA fragments is very high (12,13). The length of the fragments is
determined by the flow velocity of the solution and the diameter of the orifice, independent of
the initial DNA size/concentration and salt concentration (13). A commercial instrument and
various shearing assemblies containing a single laser-drilled orifice on a ruby jewel
(Hydroshear; Genomic Solutions Inc., Ann Arbor, MI, USA) are available for performing the
process semi-automatically. However, the instrument is expensive for many investigators. The
shearing assemblies also tend to get clogged and are too expensive to be disposed of after every
use.

We describe an inexpensive device for automated fragmentation of genomic DNA using
hydrodynamic shearing. A schematic of the device is illustrated in Figure 1. The system
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consists of a computer-controlled syringe pump with a built-in 9-port valve and a filter screen
housed in an adaptor connected to the valve via rigid tubing. The key component of the device
is a disposable stainless steel filter screen (VICI-Valco Instruments Co. Inc., Houston, TX,
USA), which contains thousands of uniform pores with micron or sub-micron dimensions, in
contrast to the single-orifice devices used in the shearing assemblies of the Hydroshear
instrument. Similar to the Hydroshear instrument, hydrodynamic shear stress is utilized to
break long DNA molecules into smaller fragments.

Shearing genomic DNA with our device entails a washing step and a shearing step that can be
carried out automatically in ~20 min. First, the desired screen is inserted into the adaptor and
the fluidic system is washed extensively with HCI, NaOH, water, and a buffer. Second, the
DNA is loaded and sheared by running the solution through the screen 20 times. A computer-
controlled syringe pump with a 9-port valve is used to fully automate the entire shearing
process. We have shown that human genomic DNA can be sheared using screens with pore
sizes of 0.5 um, 1 um, 2 um, and 10 um at fluid flow rates of 15-125 mL/min. Table 1 lists
the average lengths and distributions of the fragments and the coefficients of variation (CVs)
from three independent runs using 3 different 0.5-um and 10-um screens at 6 different flow
rates. Typical gel images of the sheared products are shown in Supplementary Figure 1, A and
B. Shearing with screens with 1-pum and 2-um pore sizes gave results similar to those obtained
with the 0.5-um screen. Detailed information on the materials, methods, and analysis is
provided in the Supplementary Materials.

The average length of the fragments is controlled primarily by the fluid flow rate, the size of
the pores in the screen, and the iterations of sample passing through the screen. As shown in
Supplementary Figure 1C, the majority of DNA molecules were sheared to the target size in
just one iteration. Almost all DNA fragments approached the minimal length after 5-10
iterations. No further change in length and distribution was observed after 20 iterations. The
more important parameters are the flow rate and screen pore size. The fluid flow rates given
in the text and the figures are the speeds at which the syringe pump delivers the fluid, not the
actual flow rates of the DNA solution through the pores. The screen is constructed of woven
stainless steel fibers, and the pores are of irregular geometry but are very uniform in shape and
size across the entire screen (Supplementary Figure 2). Due to the complex geometry of the
pores, the flow rate of the fluid through each pore increases as the fluid enters, reaches the
maximum as the fluid reaches the smallest cross-section, and then decreases as the fluid leaves
the pore. We have estimated that the pores account for ~2% and ~10% of the cross-section of
the 0.5-um and 10-um screens, respectively, so the actual flow rate is respectively 50x and
10x that delivered by the syringe pump. The size of the pores is vast (500 nm) compared with
the diameter of the DNA molecule (2 nm), so the effect of pore geometry on the shear stresses
on the DNA molecules is expected to be minimal. With the exceptional uniformity in size,
geometry, and distribution across each screen and between different batches of screens, a
narrow range of fragment sizes with >80% of fragments within a 2- to 3-fold range can be
achieved reproducibly. In all cases, a higher flow rate resulted in smaller DNA fragments, and
smaller pore size produced shorter fragments at all fluid flow velocities. The CV was usually
small (<10% between three runs with the same screen or three different batches of screens).

Figure 2, A and B show the relationships between the flow rates and lengths of the DNA

fragments produced by shearing with 0.5-pm and 10-pum screens. Fragment sizes of 2-12 kb
can be achieved using screens of these two pore sizes by varying the flow rates. The minimum
average size that can be produced with our current device is ~2000 bp using a 0.5-pum screen
(the smallest pore size currently available from VICI-Valco) with a flow rate of 125 mL/min
(the maximum flow rate attainable with our current system). As shown in Figure 2C, the

nonlinear relationship between flow rate and fragment size follows a power law. The increase
in flow rate from 40 mL/min to 125 mL/min resulted in only a small decrease in fragment size.
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Shearing DNA to fragments <2000 bp will require screens of smaller pore sizes and a syringe
system that can deliver higher flow rates. Very little heat is generated in our shearing process,
but, as a precaution against any potential GC bias (16), the shearing assembly can be cooled
on ice as usually practiced in the DNA shearing process.

A major concern for hydrodynamic shearing instruments that employ single-orifice devices is
the frequent clogging of the small orifice. Our attempts to design a custom shearing instrument
were prompted by multiple failed attempts to shear DNA with the small HydroShear-Custom
Shearing Assembly (650-5000 bp). Despite thoroughly filtering all reagents, clogging of the
orifice frequently terminated our experiments prematurely. With the use of a screen, however,
we never experienced any clogging. The screens can be used repeatedly without any change
in performance,which makes our system more robust and user-friendly. No noticeable evidence
of rust was observed on the stainless steel screens even after several weeks of use, but if rust
is a concern, filters made of PEEK-encapsulated titanium (available from VICI-Valco) can be
used. Another concern is potential sample carryover contamination. The shearing assemblies
used in the Hydroshear instrument are too expensive to be disposed of after every use. We
found that with our standard wash procedure, reusing the screens increases the potential of
sample carryover, which can be detected by PCR amplification (Supplementary Figure 3).
Fortunately, the screens used in our device are very inexpensive ($2 USD) and can be replaced
easily. Cross-contamination can be eliminated entirely by replacing the screens between
samples.

It has been shown that DNA fragments obtained by hydrodynamic shearing are random and
have high cloning efficiency; thus, they are suitable for genomic library construction (12,13).
Since our device utilizes the same hydrodynamic shearing mechanism, it is reasonable to expect
that the fragments produced using our device are random and have similar high cloning
efficiency.

In summary, we have discovered that stainless steel filter screens with very uniform pores can
be used in place of single-orifice devices to shear genomic DNA. We have developed an
inexpensive device and the procedure for fully automated hydrodynamic shearing of genomic
DNA with comparable performance to that of the Hydroshear instrument (12,13). The
utilization of the inexpensive disposable screens eliminates potential sample cross-
contamination and device clogging. Our device can be assembled easily from very inexpensive
and commercially available parts. We believe our significantly improved device and method
for hydrodynamic shearing of DNA will be of great utility in producing genomic DNA libraries
for genome sequencing using next-generation sequencing platforms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic of a device for hydrodynamic shearing of DNA

A Cavro XR pump with a built-in 9-port valve is used. A cross-section of the filter screen
housing is also illustrated. Shown at the upper right corner is a transmitted-light micrograph
of a portion of a 10-pum screen. The computer used to control the instrument is not shown.
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Figure 2. Lengths and size distributions of the DNA fragments as a function of screen pore size and

flow rate

Distribution of DNA fragments produced by shearing with screens of (A) 0.5-um and (B) 10-
Um pore sizes at various flow rates, plotted as relative population of the DNA fragments as a
function of fragment size. The slight distortion of the curves at larger fragment sizes seen in
(B) could be due to artifacts in the gel analysis of large DNA fragments. (C) Fragment lengths
versus fluid flow rates. Human genomic DNA was sheared at six different speeds using screens
with pore sizes of 0.5 um and 10 um. The products were separated by electrophoresis with

0.8% agarose gel and the average fragment size was computed as described in the

Supplementary Materials. Data from three shearing runs with the same screen were averaged
to obtain the data. Each error bar is one standard deviation from the mean and is intended to
demonstrate reproducibility across 3 shearing runs.
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