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/ Introduction \ / SageHLS System \ / Example 1: Isolation of 200kb E.coli fragment (cont.) \

Targeted next-generation sequencing approaches have enabled a wide variety of genomic Oxford Nanopore Minion sequencing on product from elution module #4 of 2" HLS-CATCH

tests in the fields of oncology and inherited genetic disease. However, hybridization-based Classette; are IE)ased on é,] t(;/vo-dlmensu;nal eIecjcroc;I](-e Seome”\’- I:lufrilﬁclatllon andl sge selfectlon isolation.
sequence capture methods have not yet been successfully applied to enrichment of long SliEge -ore5|s- s CEIATEe) CiiueT FO o.ttom (in this image), an. nal € .ectroe Clele . .
senomic DNA fragments, despite their potential benefits for long-read sequencing, optical product is carried out from left to right, into an array of buffer-filled elution modules on the Coverage plot for Oxford Nanopore sequencing on elution module 4 of HLS-CATCH run for the

: . Ecoli 200kb CATCH target. Coverage of target region is 10-15 fold enhanced.
mapping of single DNA molecules, and synthetic biology. The principal barriers to long right side of the gel column.

molecule enrichment are (1) established methods of DNA purification can only produce System capacity is 2 samples per cassette, 2 cassettes (4 samples) per instrument run, ~3-
molecules up to about 150kb in length, and (2) established enrichment methods require 7hr run (depending on target size), ('.
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solution-phase capture of targeted DNA on microparticles, which can shear long molecules.

Size-separation straight down, Electroelution of product rightward . |
Electrodesin lid

have independenttemperature
control, to facilitate enzymatic steps
and make electrophoresis
reproducible.
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Sample well and agarose channels r \ ‘

We present a new approach to long DNA enrichment, which utilizes CATCH (cas9-assisted | -
targeting of chromosome segments, Jiang et al., Nature Communications, 2015, 6:8101, DOI: i '_ i
10.1038/ncomms9101, www.nature.com/naturecommunications) in a novel sample |
preparation system (SageHLS System, Sage Science, Inc.), which enables integrated DNA
purification and enzymatic processing of HMW DNA. Briefly, a suspension of intact cells is
loaded into a disposable, gel-filled cassette. The cells are gently lysed using an
electrophoretic process that leaves purified, large HMW genomic DNA molecules (>>10mb)
immobilized in the sample well. Customized cas9-nucleases are used to cleave out the PURSRI e N—— Caccette has standard SBS
targeted genomic DNA fragments from the immobilized HMW DNA, and the cleaved i i i
fragments are electrophoretically separated and electroeluted into buffer-filled elution
chambers for downstream analyses. We discuss progress on using the integrated CATCH-HLS
process for targeted isolation of bacterial and human genomic fragments up to several
hundred kb in length.
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Example 2. HLS-CATCH isolation of human 200kb BRCA1 region

Example 1: Isolation of 200kb E.coli genomic fragment

gRNAs for cut sites surrounding a 200kb region containing the human BRCA1 gene were

Princiol f CATCH: CasO-T ted DNA Isolati Experimental overview: designed and tested. A pool of five effective gRNAs were used in an HLS-CATCH experiment
rncipie o . _LdSJ-1drgete solation 1) E.coli spheroplasts were loaded into HLS cassette. to excise the BRCA1 fragment from 1.5e06 Raji cells (input gDNA content about 10ug). The
2) Genomic DNA was electrophoretically purified in HLS cassette. elution products were evaluated by gPCR (ABI Tagman kits, RNaseP gene as control).
HMW genomic DNA 3) Genomic DNA was digested in cassette with wt SpCas9 (NEB) assembled
: _DTm i 0 . - .
with gRNAs (IDT, Alt-R ] borF:Iermg d :}ggkb ROI (4.2% of genome].l hg38 map of BRCA1 region on Chrl7, showing region targeted by gRNAs.
4) DNA released by Cas9 digestion was size selected & electroeluted in HLS
ROI . e —— e
cassette, and analyzed by PF gel electrophoresis. s —
Add Cas9 cleavases designed to UCSC Genome Browser on Escherichia coli K12 - Assembly (eschColi_K12) R —,—,—__,—_—_—————— Ly it
EXCiSE region Df intEFESt (ROI) ﬁi.-m EEECE ¢.5M i.2M - 4H 1.4 EEPAGE 2.8 EENLE 2.4 BEAGCE .54 BENCE .4 EERGE .54 EERLE 4.0M BENGE 4.9 EERGE EEEE% i == : : vors I Emegw
i %;ﬁ — v -;';’r# NS T e T m—— ] e e o
- gRN A ‘r’E-ngl YE-ngZ T e cwst:p;:ﬁ_% EENEERER | S anﬁlt'one tos cETT ToReS) n # I‘ | J:‘—I
Purify region of interest (ROI) by gRNA target positionsin genome: 66,004 264,116
electrophoretic size selection. chrl7:43,018,400 chrl7:43,216,900
Left gRNA sites: 43,018,466 and 43,018,501 Right gRNA sites: 43,216,880;43,216,881; 43,216,877
_/—H, Two HLS-CATCH isolations were carried out. The output of the first isolation was analyzed by
ROI _ HLS-CATCH HLS-CATCH
PF gel electrophoresis. The second one was analyzed by gPCR and Oxford Nanopore Target Enrichment of BRCA1 BRCA1 Mock Digestion Control
l' sequencing. g 4 £ |
Sequencing, Optical Mapping PF analytical gel of first isolation is shown below: & 1.w0000 * S 16,000 -
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Elution fractions from HLS prototype cassette 3 ng&: & 10000 -
° ° ° r | + BRCAL o # BRCA1
Principle of HLS-CATCH — Integrated HMW extraction & targeted NEBxMbn 1 2 3 4 5 6 7 3 cooom ] Anasep #2 IR A
ye 53l S 400,000 - + 26,000 copies S 4000
capture 200000 4 VAR 2,000 - ' = e ¥
HLS extraction of HMW DNA without gel-encapsulation of cells. 0 1 : 3 4 5 6 0 1 2 3 4 5 6
Showing side view of agarose column within gel cassettes Elution Module Elution Module
RSESSEE”tWE” Cell sample Targeted BRCA1 200kb fragment was found in fraction 3.
| LK / 1> Total yield was about 1.5e06 copies (¥200pg of 200kb frag).
":"‘ D;’ Electrophoresis X zf‘:
| E ihe® S|
Agarose gel o I [ Conclusion
B xx w0 O-D X: oo
x| [ 200kb
/ These data demonstrate that HLS-CATCH Flutionmodule# 1 2 3 45 6
HMW DNA represents an efficient, specific method for
L~ — o~ ; targeted isolation of large genomic DNA
X . i fragments. It. is likely t(? find appllc.atlo.n.s in 2000 kb
) o (+) > () 3 () targeted optical mapping (Genomic Vision,
) Each band in the NEB extend marker (red arrow) has 30 ng DNA. Bionano Genomics), targeted long-read
— DNA is oo large to undergo single molecule sequencing (PacBio, Oxford
Electrophoresis drives SDS - ) 776 kb
through sample, causing lysis ?Iectrﬁﬁ_hndresm?nd b:comesl | Nanopore, Genia); as well as targeted
. immobilized on face of sample i 1 1fi 1 n - i 1 . .
without shear force. Rty gPCR localization and quantification of target recovery on 2"® HLS-CATCH isolation. analyses of long-range phasing by linked-
contaminantsare removed. ] i i
gPCR Results from HLS-CATCH run for E.coli 200kb target read sequencing (10X Genomics, squeII
: ) | | LongBow [AGBT poster #303]), and digital 340 kb
Cas9 Processing of HMW DNA in HLS cassette 350000 :
3 droplet PCR (Drop-Phase). Previous work on
User empties sample well. . .
HMW DNA immobilized DNA remains immobilized in gel wall. S00000 - = using HLS for HMW DNA extraction (See
on face of sample well Custom Cas9 cleavases are added. right), demonstrates that the system can
. : @ 250000 produce DNA up to low single mb’s in size.
'E - By extension, we think it will be possible to
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Electrophoresis, { ﬁ L 0 1 2 3 4 5 6 7 General inquiries: info@sagescience.com, www.sagescience.com
puﬂﬂcaﬂﬂnl (—) 5 n.d (+) Elution module number ) i o . ) ) )
size selection, Business inquiries: todd.barbera@sagescience.com, patrick.carroll@sagescience.com
elution / “ERB” = mock digestion with ERB buffer, no cas9 While at AGBT, visit our team at Suite #3281.
Uncus HMW DNA remains in wall “Cas9 complete” = u_:iigesltinn m..rith cas9 + gRNAs llﬂ?kh—sgﬂlﬁz
“Cas9 no gRNA" = digestion with Cas9 enzyme without any gRNA.
“KBB-197" = mock digestion with electrophoresis buffer only
(non-target gPCR results not shown similar to ERB controls)
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