
Fragmentation of surface adsorbed and aligned DNA molecules using soft lithography for Next-Generation Sequencing
NaHyun Cho1,2, Sara Goodwin3, Julia Budassi1, Ke Zhu1, William Richard McCombie3, Jonathan Sokolov1
1Department of Materials Science and Engineering, Stony Brook University, Stony Brook, New York, 11794, USA 
2Next Growth Engine R&D Coordination Division, Korea Institute of Science and Technology Evaluation and Planning, Seocho-Gu, Seoul, 06775, the Republic of Korea

3Cold Spring Harbor Laboratory, 1 Bungtown Rd, Cold Spring Harbor, New York, 11724, USA

Abstract
In this study, the enzymatic in situ cutting of linearized DNA molecules at approximately 11kbp intervals is demonstrated using a soft lithography technique. The ultimate goal is to provide a general ordered cutting method to greatly simplify the assembly process. DNA was stretched onto PMMA (Poly methyl methacrylate) coated silicon by withdrawing the substrate from a DNA solution (a process termed “combing”). The stretched lambda DNA could be linearly cut with a soft lithography stamp used to selectively apply DNase I. After cutting the DNA on the substrate, the DNA fragments are removed from the surface by incubating PMMA in the commercial NEBuffer 3.1 at 75°C. The recovered fragments desorbed into the buffer and were sequenced using the PacBio RS II sequencer without an amplification step. The mean coverage was 2870X for the approximately 11 kbp fragmented sample and 100% of the lambda genome was sequenced.  Methods to extend of the technique to ordered fragmentation are discussed.
We have demonstrated a novel method of fragmenting DNA for sequencing using soft lithography. We have successfully extracted the surface-fragmented DNA and sequenced the fragments with the Pacific Bioscience RS platform. Carrying out DNA fragmentation in situ can preserve spatial orientation of DNA fragment through either iterative DNA desorption or the combined fragmentation and barcoding that can be achieved with the use of a transposase enzyme. The method is flexible in that a wide range of specific fragment sizes or fragment size profiles (which may be conveniently varied by creating, lithographically, different PDMS stamps). The technique is bias-free and has proven capable of providing material amenable to DNA sequencing without amplification. Our method could be used to preserve spatial relatedness as well as long fragment length to provide highly contiguous fragments for genome assembly allowing for superior genomic structure resolution.
      Further development of this method to enable ordered removal of the fragments is in progress. One straightforward extension would be to have fragments of graded size along the length of the DNA molecules, such that the length of the fragments would permit the ordering of the fragments along the DNA molecules. The fragments would be separated by length using electrophoresis. Ordered removal using localized electric field-assisted desorption or a microfluidics approach may also be feasible.
      We note that ends of DNA molecules may be tethered along lines on a surface and can be used to align the sequences being fragmented by our soft lithography technique. Similarly, recognition sites in long DNAs could be used as tethering points. 
      An alternative strategy would be to use patterned PDMS stamps to apply transposons to insert known barcodes to the ends of the linearized DNA fragments, followed by amplification and sequencing.
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Figure 3. Bioanalyzer trace for 6kb fragmented sample. The average fragment length was 5,565
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Figure 1. (a) AFM image of fragmented DNA molecules on PMMA surface inked with DNase I using 4.1µm size patterned PDMS stamp
Figure 2. Fluorescence microscopy image of DNA fragments of length 4.1 µm produced using a soft lithography grating of PDMS inked with DNase I enzyme.
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Figure 4. Mass of desorbed DNA from PMMA incubating in 1X and 5X solutions of NEBuffers set at 37°C


	Job Metric
	11kbp

	Number of Bases
	183,058,397

	Number of Reads
	30,889

	N50 Read Length
	1,705

	Mean Read Length
	1,537

	Mean Read Score
	0.85

	Mapped Reads
	28,438

	Mapped Read Length of Insert
	1,329

	Average Reference Coverage
	2870.15


Table 1.  Summary of PacBio RS II DNA sequencing data using desorbed 11kbp cut DNA fragments in NEBuffer 3.1 and concentrated with magnetic beads
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