Innovation, Sciences et Innovation, Science and CA 3012825 C 2024/02/13

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 0 1 2 825
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépbt PCT/PCT Filing Date: 2017/02/01 (51) CLInt./Int.Cl. GOTN 21/64(2006.01),

C12Q 1/68(2018.01), GO2B 21/06 (2006.01),
GO2B 21/16 (2006.01)

(72) Inventeur/Inventor:

(87) Date publication PCT/PCT Publication Date: 2017/08/10
(45) Date de délivrance/lssue Date: 2024/02/13

(85) Entrée phase nationale/National Entry: 2018/07/26 JAISWAL, SUPRIYA, US

(86) N° demande PCT/PCT Application No.: US 2017/016095 | (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2017/136476 JAISWAL, SUPRIYA, US

(30) Priorité/Priority; 2016/02/01 (US62/289,897) (74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : RAYONNEMENT ULTRAVIOLET EXTREME DANS LE SEQUENCAGE GENOMIQUE ET D'AUTRES
APPLICATIONS
(54) Title: EXTREME ULTRAVIOLET RADIATION IN GENOMIC SEQUENCING AND OTHER APPLICATIONS

Absorption Spectrum

0.0025 T L T, T T T
Realtive Absorption of a single nucleobase
0.0020 ] 5
) e
0.0015 2 ) g,/
0.0010 /,m‘ 2V
0.0005 p -
.m"‘/ =
0.0000

0.0 03 06 0.9 112 1{5 1E8 211 2}.4 2%7 3i0 3.3 3.6 39 42 45 418 511 54

- SR N N AR M R D Y M |
0.0005 Wavelength nm

— Guanine ---- Adenine ---Thymine — Cytosine

(57) Abrégé/Abstract:

Methods, apparatus, and processes which use Extreme ultraviolet radiation (EUV) and/or soft X-ray wavelengths to read, image,
edit, locate, identify, map, alter, delete, repair and sequence genes are described. An EUV scanning tool which allows high
throughput genomic scanning of DNA, RNA and protein sequences is also described. A database which records characteristic
absorption spectra of gene sequences is also described.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



© 2017136476 A1 I 10O TN 0 OO RO

(43) International Publication Date

CA 03012825 2018-07-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

10 August 2017 (10.08.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/136476 Al

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

International Patent Classification:
GOIN 21/64 (2006.01) G02B 21/16 (2006.01)
G02B 21/06 (2006.01) CI12Q 1/68 (2006.01)

International Application Number:
PCT/US2017/016095

International Filing Date:
1 February 2017 (01.02.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/289,897 1 February 2016 (01.02.2016) US

Inventor; and
Applicant : JAISWAL, Supriya [US/US]; 4007 Crown
Point Drive, #14, San Diego, California 92109 (US).

Agents: PATHAK, Rahul et al; Squire Patton Boggs
(US) LLP, 620 Hansen Way, Palo Alto, California 94304

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: EXTREME ULTRAVIOLET RADIATION IN GENOMIC SEQUENCING AND OTHER APPLICATIONS

Absorption Spectrum

Relative Absorption of 2 single nuciaabaﬁs@;

JIRE Y

8.901

5.0008

18 X

weewfuanine s Aderine ssseThymine o

24 27
Wavelength org

Figure 1. EUV Absorption Spectra of 4 DNA Nucleobases CGAT at normal incidence.

(57) Abstract: Methods, apparatus, and processes which use Extreme ultraviolet radiation (EUV) and/or soft X-ray wavelengths to
read, image, edit, locate, identify, map, alter, delete, repair and sequence genes are described. An EUV scanning tool which allows
high throughput genomic scanning of DNA, RNA and protein sequences is also described. A database which records characteristic
absorption spectra of gene sequences is also described.



EXTREME ULTRAVIOLET RADIATION IN GENOMIC SEQUENCING
AND OTHER APPLICATIONS

[001] This application claims the benefit of US Provisional Patent Application No.
62/289,897, filed February 1, 2016.

BACKGROUND

[002] Sequencing technologies such as Next Generation Sequencing (NGS) and Sanger
Sequencing are used to read and identify sequence genes and base pairs of a genome. Since there
are approximately 3.2 billion base pairs in the human genome a high throughput sequencing
machine is needed to identify and sequence on a large scale. Next Generation Sequencing includes
techniques like sequencing by synthesis using fluorescent labeled terminators and massive
parallelization to provide accurate identification of genetic structure and variations. Techniques
like CRISPR are used to edit gene sequences. Specific enzymes are used to target a given sequence
within a set of gene sequences and repeatedly remove the identified sequence. This is the state of
the art.

[003] The aforementioned techniques have inherent advantages and disadvantages. NGS
sequencing requires a high level of piecewise segmenting, massively reproducing in parallel,
reassembling and referencing the gene sequence. CRISPR requires specific target primers which
edit at least 20 pairs around the gene sequence of interest. So far, none of these technologies read
and edit dynamically, nor allow selection of base pairs within a given gene sequence to be read
and edited.

[004] Optical lithography systems are commonly used for fabricating, for example integrated
circuits and devices at having physical features at 14 nm and smaller. The resolving power of such
systems is proportional to the exposure wavelength. Shorter wavelengths can improve resolution
in fabrication. Extreme ultraviolet lithography (EUVL) uses electromagnetic radiation at extreme
ultraviolet (EUV) wavelengths (approximately 124 nanometers to 0.1 nanometers). Accordingly,
photons at these wavelengths have energies in the range of approximately 10 electron volts (eV)
to 12.4 keV (corresponding to 124 nm and 0.1 nm, respectively). Using EUV wavelengths for
lithography has potential advantages of reducing feature sizes in devices to less than 10 nm or
more such as semiconductor chips as well as in other applications such as polymer electronics,

solar cells, biotech, and medical technologies.
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[005] So far none of these technologies can read and edit at the same time, nor allow
random selection of base pairs within a given gene sequence to be dynamically read and edit-

ed.

SUMMARY

[006] In one aspect, this disclosure relates generally to the use of Extreme Ultraviolet
(EUV) radiation, soft X-ray radiation in a biotech application to selectively locate, read, iden-
tify a gene or gene sequence either inside or outside a biological cell. It further relates to dy-
namically and/or randomly and/or selectively editing, deleting, altering and/or repairing a
gene at a given location within a genomic sequence. Provided herein is a method to sequence
selectively and non-sequentially without the need for DNA synthesis, biomolecule tagging,
fluorescent labeling, DNA replication, enzyme cleaving, parallelization, depth of coverage,
alignment to a reference genome, nano pore channels, shot-gun sequencing, ion detection, or
nucleotide addition, all of which introduce complexity, inaccuracy and time in sequencing,.
[007] In another aspect, this disclosure also relates to the design of a next generation
EUYV high throughput tool or apparatus to machine read and alter gene sequences in real time.
The architecture of the tool or apparatus comprises a set of one or more illuminator optics,
projection lenses or mirrors, light focusing device, EUV or soft x ray light source, a collector
optic, sample stage. The tool may be used in scanning mode to 2D or 3D scan DNA sequenc-
es. Extreme ultraviolet wavelengths may be generated artificially by devices such as plasma
and synchrotron light sources or solid targets, or a liquid droplet source. In one embodiment,
provided are six or more high numerical aperture projection mirrors, four or more illuminator
mirrors, one collector and a sample stage. The mirrors may be parabolic, aspherical or
freeform. In certain embodiments, at least 6 projection mirrors are useful to achieve sufficient
spatial resolution for single digit resolution nucleobase sequencing. A higher power light
source is also desirable to increase the scanning throughput or number of base pairs se-
quenced per hour.

[008] A light system or apparatus such as an EUV lithography tool can be used to focus
light to sub 20 nm spot sizes. Extreme ultraviolet lithography (EUVL) uses electromagnetic
radiation at extreme ultraviolet (EUV) wavelengths (approximately 124 nanometers to 0.1
nanometers). Accordingly, photons at these wavelengths have energies in the range of ap-
proximately 10 electron volts (eV) to 12.4 keV (corresponding to 124 nm and 0.1 nm, respec-
tively). Extreme ultraviolet wavelengths may be generated artificially by devices such as

plasma and synchrotron light sources or solid targets. When this light is incident on a gene
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sequence a proportion of the light will be absorbed. Each base or base pair of the gene se-
quence will generate a characteristic absorption spectrum at a discrete EUV frequency. If
such a spectrum is detected or decomposed from a cumulative absorption spectra set, then
this can help identify the specific base pair. The smaller the wavelength used the smaller the
focused spot size, and the higher the imaging resolution. For a wavelength of light of 2.8 nm
and a Numerical Aperture (NA) of 0.5 the spot size will be 2.8 nm approximately. For exam-
ple a single nucleobase has a length of 0.34 nm. This means that the imaging resolution is 9
bases (~2.8/0.34). With projection mirrors the limit of resolution can be decreased further.
This is governed by the formula k1*wavelength/NA, where k1 is a constant factor which de-
termines the resolution limit that can be achieved by the lithography tool. Assuming a k1 fac-
tor of approximately 0.25, the limiting resolution (k1*wavelength/NA) is 1.4 nm or 4-5 ba-
ses. Using a magnification factor of 4x or 8x the resolution limit may be smaller, up to 1-2
base pairs. Since the spectra has resonance peaks at discrete frequencies, it is possible to de-
compose further, use base pairing information and differences between absorption spectra
from two overlapping adjacent sets, cumulative absorption at measured at three spectral
peaks to get more resolution sequencing. Gene identification should be possible from the
measurement of the cumulative spectra and phase information. It is expected that light of
wavelength 13.5 nm and smaller, specifically 2-4 nm range, (including 4.3 nm and 2.8 nm)
will be suitable for these applications. Absorption spectra may equally be exchanged for
transmission spectra or reflection spectra in this disclosure. Detectors can measure a sensitivi-
ty difference in absorption signal as small as 1x10™. This makes it possible to distinguish
cumulative differences of one nucleobase.

[009] In an embodiment the process of reading, scanning or imaging a gene sequence or
nucleobase includes the process of measuring its unique absorption spectra and identifying
the gene from a known or simulated spectrum.

[0010] In another aspect of this disclosure, a gene sequence or set of nucleobases may
also be edited, altered, repaired or deleted at a given location or address. The deletion occurs
by focusing the light spot on the desired sequence at a given location and increasing the in-
tensity of the light or the power delivered to the focused spot to severe the link between two
base pairs through photo-absorption, or sever the base, and preventing regeneration. In cer-
tain embodiments the action of editing or deleting a subset of a sequence may occur consecu-
tively to reading the sequence. Depending on the spot size and intensity of the light one or
more gene sets can be deleted at any given location. More than one focused spot may also be

used to achieve multiple simultaneous solutions.
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[0011] In a typical embodiment gene sequences include sub elements like DNA and RNA
nucleobase pairs, Cytosine, Guanine, Adenine, Thymine, Uracil. Gene sequences in this dis-
closure also include biomaterials like DNA and RNA strands, reads, single nucleotide poly-
morphisms (SNPs), bases, proteins, primers, amino acid sequences, oligonucleotides, pep-
tides, copy number variants, mutations, variants, enzymes, exomes, molecules, nucleotides,
alleles, chromosomes, telomeres, without limitation to the species. Each of the five possible
bases, Guanine, Cytosine, Adenine, Thymine and Uracil, has a different chemical structure
which is a combination of Carbon, Hydrogen, Oxygen and Nitrogen with different relative
ratios of each element. Since EUV/Soft- Xray absorption is sensitive to presence of theses
elements, cach base will have a distinct and unique signature absorption spectrum at EUV
wavelengths. In examples were the absorption spectra of one or more bases are obtained at
once, the absorption spectra can be decomposed into the individual base spectrums as de-
scribed above. A database or library of identifiable gene sequences, nucleobases, proteins,
RNA and DNA containing their respective absorption spectra signatures is generated.

[0012] This disclosure improves over the existing state of the art next generation se-
quencing (NGS) technologies because it allows for simultaneous or dynamic reading, or im-
aging, mapping, and editing or deleting of gene sequences in a given genome on a per indi-
vidual basis. Current gene sequencing technologies such as whole genome shotgun sequenc-
ing, de novo sequencing or Sanger sequencing only allow for sequencing genes, after destruc-
tion, replication and referencing to the standard reference genome. In this disclosure, a ge-
nomic map which can also be described as a gene ontology network or a gene sequence map
is generated. The entire sequence is recorded sequentially at least one time by measuring the
absorption and phase spectrum of each nucleobase, or each gene at each possible location.
The physical coordinates of each nucleobase, or set of nucleobases, are registered as an ad-
dress, together with other global and local identifiers and landmarks. Each gene, its absorp-
tion spectrum and gene position are recorded in this way. Subsequently, should a specific
gene sequence once identified need to be selectively or dynamically targeted, relocated or
deleted, it can be done by using the respective registration address to reposition the focus of
the light source spot for delivering intense radiation. EUV radiation has sufficient spatial and
spectral resolution to physically and spectrally discriminate different gene sequences and spa-
tial control for selectively targeting specific gene sequences. In NGS technologies there is no
possibility of dynamically returning to a specific location in the sequence or editing the se-

quence in real time while being read.
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[0013] This disclosure improves over the existing state of art editing technologies such as
CRISPR interference technique (clustered regularly-interspaced short palindromic repeats),
which rely on specific enzyme sequences to cleave the sequence or cut the genome at a spe-
cific target location which matches the enzyme sequence. The limitations of CRISPR are that
only one type of target sequence can be deleted at any one time, and all instances of that tar-
get sequence in all locations, if repeated in the genome, are cut. Additionally, the sequence
tries to repair itself after being cut repeatedly. Not only is the sequence cut, but a region of up
to 20 base pairs around the target location is also cut. In EUV radiation sequencing and dele-
tion multiple random targets with differently specified sequences can be edited in a single
instance. Similarly, single instances of a specific target can also be edited, with a spatial reso-
lution of up to 1-2 base pairs.

[0014] In addition to sequencing this disclosure also describes the use of EUV radiation
and soft Xray, methods and apparatus described herein, in the application of genotyping, i e.
the process of determining which genetic variants an individual possesses. In an embodiment
EUYV radiation can be used to sequence a segment of a sequence such as an exome rather than
the entire genome and examine variants in SNPs and regions of commonality. The process
can also be used to examine germline or somatic mutations, epigenetic variations, cancer and
inheritance variations. EUV radiation sequencing can also be used for expression profiling.
[0015] The methods and apparatus described herein include the application to a variety of
species including, humans, bacteria, animals, plants, yeast, mammalian cells.

[0016] A DNA, RNA or other strand may be extracted from and cell, linearized, planar-
ized and aligned prior to sequencing in most instances. With EUV radiation sequencing a
DNA segment may be additionally sequenced intracellularly and three dimensionally (3D -
one or more dimensions), and nonlinearly. Typically chromatin binds the DNA strands to-
gether making intracellular sequencing challenging. With absorption sequencing as described
in this disclosure, chromatin would have a different absorption spectrum to the discrete DNA
spectrum with three spectral peaks and therefore could be distinguished from the DNA se-
quence.

[0017] When imaging a sequence intracellularly the cell may be optically trapped with
two or more lasers beams use to hold the cell in position while the sequencing occurs. Anoth-
er laser may also be used to cut an insertion path in the cell membrane or cell wall or through
cytoplasm to reduce the absorption of EUV by other components in the cell. Other compo-

nents in the cell may also be distinguished by a different spectral absorption curves.
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[0018] The sequencing of genomes requires a significant amount of data analysis and
bioinformatic post-processing of data. It is beneficial to use self learning and predictive algo-
rithms (and other known information about the location of landmark genes) to decompose
groups of absorption spectra to save on computational, measuring and reading time. Further-
more for larger spot sizes larger groups of nucleobases can be sequenced with less sampling
resolution, and identified from known spectra such as those in a reference database or library,

or previously measured samples rather than individual measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present disclosure may be more fully appreciated in connection with the fol-
lowing detailed description taken in conjunction with the accompanying drawings, wherein:
[0020] FIGURE 1 illustrates calculated absorption spectra for DNA nucleobases C,G,A, T
at EUV wavelengths calculated according to the Examples herein.

[0021] FIGURE 2 illustrates a DNA Scanner system with plasma lightsource and projec-
tion mirror system for gene sequencing.

[0022]  FIGURE 3 illustrates a method of detecting either reflected or absorbed radiation
from a macromolecule. Light illumination as close as possible to grazing incidence is pre-
ferred due to the increased absorption.

[0023] FIGURE 4 illustrates transmission spectra from G, C, A, T at non normal inci-

dence of a single nucleobase.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Provided herein are apparatuses and methods useful for locating, reading, identify-
ing, and/or editing macromolecules.

a. Definitions

[0025] When referring to the apparatuses and methods provided herein, the following
terms have the following meanings unless indicated otherwise. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as is commonly understood
by one of ordinary skill in the art. In the event that there is a plurality of definitions for a
term herein, those in this section prevail unless stated otherwise.

[0026] The term “extreme ultraviolet” or “EUV” refers to electromagnetic radiation in
the part of the electromagnetic spectrum spanning wavelengths from 124 nm down to 10 nm.

The radiation has photons with energies from 10 eV up to 124 eV.



CA 03012825 2018-07-26

WO 2017/136476 PCT/US2017/016095

[0027] The term “soft X-ray” refers to electromagnetic radiation in the part of the elec-
tromagnetic spectrum spanning wavelengths from 10 nm down to 0.1 nm. The radiation has
photons with energies from 0.1 eV up to 10 eV. Extreme Ultraviolet, EUV and soft X-ray are
used interchangeably in this disclosure to represent the full range from 0.1 nm to 124 nm.
[0028] The term “macromolecule” refers to a high molecular weight molecule having at
least 1000 Da. Useful macromolecules include polymers of repeating monomers. Examples
include polynucleotides, DNA, RNA, polypeptides, proteins, peptides, viruses, and oligosac-
charides.

[0029] The term “spot size” refers to the diameter of a radiation beam that is capable of
interacting with a target. In embodiments where the radiation beam contacts a support, the
spot size is the diameter of the radiation beam or beam waist that intersects the support. The
spot may be a focused or collimated radiation beam by a lens or mirror system, to a minimum
spot size defined by the Airy disc, and dependent on the wavelength of the radiation beam. In
fact the radius of the minimum spot size is defined by 1.22Af, where f is the f number of the
lens, the first dark circle in the Airy pattern. In lithography systems a given resolution is
achieved by the overall magnification from a set of projection mirrors and the Numerical Ap-
erture (NA) of the system. Resolution, or the minimum spot size is defined as k1A/NA where
k1 is the resolution factor and k1 is approximately 0.25. Lithography systems today have al-
ready achieved a 4x magnification and 0.5 NA. For a 2.8 nm wavelength, this is a resolution
of 0.7 nm or 2 base pairs. Higher magnification can be achieved by increasing the number of
projection mirrors to focus to a smaller spot size sand larger system numerical apertures. For
a 8x magnification single base pair resolution will be possible.

a. Apparatuses

[0030] Provided herein are apparatuses useful for locating, reading, identifying, and/or
editing macromolecules. The apparatuses generally comprise a radiation source, one or more
macromolecules configured to absorb at least a portion of the radiation, and a detector capa-
ble of detecting transmitted and/or absorbed radiation.

[0031] In certain embodiments, the radiation source is capable of transmitting radiation
having a wavelength from 0.1 nm to 250 nm. In certain embodiments, the radiation source is
capable of transmitting extreme ultraviolet radiation and/or soft X-ray radiation. In certain
embodiments, the radiation source is capable of transmitting extreme ultraviolet radiation. In
certain embodiments, the radiation source is capable of transmitting soft X-ray radiation. In
certain embodiments, the radiation source is capable of transmitting radiation having a wave-

length from 0.1 nm to 10 nm. In certain embodiments, the radiation source is capable of
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transmitting radiation having a wavelength from 1 nm to 10 nm. In certain embodiments, the
radiation source is capable of transmitting radiation having a wavelength from 1 nm to 250
nm. In certain embodiments, the radiation source is capable of transmitting radiation having a
wavelength from 10 nm to 250 nm. In certain embodiments, the radiation source is capable of
transmitting radiation having a wavelength from 10 nm to 200 nm. In certain embodiments,
the radiation source is capable of transmitting radiation having a wavelength from 10 nm to
150 nm. In certain embodiments, the radiation source is capable of transmitting radiation hav-
ing a wavelength from 10 nm to 124 nm. In certain embodiments, the radiation source is ca-
pable of transmitting radiation having a wavelength from 0.1 nm to 124 nm.

[0032] The radiation source can be any radiation source deemed useful by the practitioner
of skill. Useful radiation sources are commercially available. Useful examples include plasma
and synchrotron light sources or solid targets. EUV light sources include high order harmonic
x-ray generation sources, EUV beamline synchrotrons, EUV solid targets, and plasma based
sources. E.g. nickel like tin produces EUV radiation at 11.9 nm and nickel like silver produc-
es EUV radiation at 13.9 nm and tin droplets produce EUV radiation at 13.5 nm. Light
sources may be laser driven e.g. laser produced plasma or electrically driven, e.g, electrically
discharged plasma and be continuous or pulsed. Electrodeless Z-Pinch sources may also be
used e.g. Energetiq EQ-10SXR in which has a wavelength range in the 2-4 nm and delivers
400 mW of power at 2.8 nm using nitrogen. Liquid jet, tin, or xenon plasmas are also used.
For example a tin plasma source has a EUV range from 8 to 19 nm and a xenon plasma
source has an EUV spectrum range from 8 to 19 nm with a higher intensity range from 11 to
15 nm. In solid targets electrons are used to bombard a given target and generate x rays.
[0033] The radiation source can be configured to transmit the desired radiation wave-
lengths using techniques known to those of skill in the art. The main way of tuning the radia-
tion source involves mirror systems such as Molybdenum Silicon (Mo/Si) multilayers which
select an in band of radiation from e.g. from 13-14 nm, by reflecting only those frequencies
and absorbing other frequencies. Similarly Carbon Titanium multilayers may be used at 2.8
nm to select a band of radiation.

[0034] In the apparatuses, the radiation source is configured to transmit radiation that
contacts one or more macromolecules. The macromolecules are configured to absorb at least
a portion of the radiation. Those of skill will recognize that the macromolecules can also
transmit a portion of the radiation.

[0035] In order to contact the macromolecule with the radiation, the apparatus can further

comprise one or more focusing components capable of focusing the radiation to contact the
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macromolecule. The focusing components can be any component capable of focusing the ra-
diation transmitted from the source. In certain embodiments, the focusing components are
one or more mirrors. In certain embodiments, the focusing components are one or more
lenses. In certain embodiments, the focusing components are one or more reflectors. In cer-
tain embodiments, the focusing components are a combination of one or more mirrors, lenses,
and/or reflectors. Exemplary configurations for focusing components are provided in the Ex-
amples and FIGURE 2. In certain embodiments, an apparatus comprises at least six high nu-
merical aperture projection mirrors and at least four illuminator mirrors. The mirrors may be
parabolic, aspherical or freeform. In certain embodiments, the at least 6 projection mirrors
provide sufficient spatial resolution for single digit resolution nucleobase sequencing. For
higher resolution more mirrors may be used, or higher numerical aperture systems which fo-
cus to a smaller spot size. 6 projection mirrors can achieve 4 x magnification. Between 8-12
mirrors may be necessary for 8 x magnification or single base pair resolution.

[0036] Mirrors also known as reflectors may contain multilayer coatings. Examples of
multilayers in the Soft X ray region include Ti/Ni, Ca/Co, Sc/Ni, Mg/Ni, Be/Ni, B4C/Ru,
C/Fe and Sc/Wc, Ba/Co, Ca/Co, C/Co. Mirrors may also be nanoscale combinations of a sin-
gle base material e.g Ni or Co or Mo and may contain other nanoscale combinations of mate-
rials in two or three dimensions. Physical sizes of mirrors range from small 1-10 cm diameter
up to 1 m diameter or larger depending one the size of the tool and the capture area. Mirrors
consist of a substrate plus a coating and the substrate may be Silicon, Silica or Be.

[0037] In certain embodiments, the radiation spot size is 0.1-100 nm. In certain embodi-
ments, the radiation spot size is 1-100 nm. In certain embodiments, the radiation spot size is
10-75 nm. In certain embodiments, the radiation spot size is 10-50 nm. In certain embodi-
ments, the radiation spot size is 10-25 nm. In certain embodiments, the radiation spot size 1s
10-230 nm.

[0038] The apparatuses further comprise one or more macromolecules configured to ab-
sorb at least a portion of the radiation. Useful macromolecules are described in detail below.
Each macromolecule can be configured to absorb the radiation using standard techniques and
components. The macromolecule can be presented in the radiation in solution, or on a solid
support, or in any other form deemed suitable to the person of skill. The macromolecule in
solution can be presented in a cuvette, in a microtiter well, microfluidic device or channel, on
a slide, or in or on any other suitable medium.

[0039] In certain embodiments, the macromolecule is provided on a solid support. The

solid support can be any material suitable for supporting a macromolecule. Useful support
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materials include glass, ceramic, silica, polycarbonate, PDMS and silicon. Depending on
whether the system is used in reflective or transmission mode, either a membrane support for
transmission or a super polished or flat substrate can be used to hold the macromolecule Ex-
amples of useful solid supports include microscope or slides, silicon wafers, graphene films,
imaging or registration grids. Membranes support include silicon nitride, silicon dioxide, po-
rous films, carbon grids or holey grids. The supports can be obtained from commercial sup-
pliers or manufactured according to standard techniques.

[0040] The supports can comprise any number of macromolecules. In certain embodi-
ments, each support provides a single macromolecule. Advantageously, certain apparatuses
and methods provided herein facilitate sequencing of a single macromolecule. In further em-
bodiments, each support provides a plurality of macromolecules. The apparatuses and meth-
ods provided herein also facilitate sequencing of a number of macromolecules. In certain em-
bodiments, a plurality of macromolecules can be sequenced in parallel. In certain embodi-
ments, a plurality of macromolecules can be sequenced simultaneously.

[0041] When the support provides a plurality of macromolecules, the density of macro-
molecules can be any density suitable for the methods described herein. The approach seeks
to identify single units of macromolecules.

[0042] In certain embodiments, the support is provided on a stage that is capable of mov-
ing the one or more macromolecules. For instance, the stage can be capable of translating the
macromolecule in any direction relative to the radiation. In certain embodiments, the stage is
capable of moving the macromolecule so that a first monomer of the macromolecule contacts
the radiation. The first monomer can be any monomer in the macromolecule — a terminal
monomer or an internal monomer. In certain embodiments, the stage is capable of moving the
macromolecule so that a second monomer of the macromolecule contacts the radiation. In
certain embodiments, the second monomer is adjacent to the first. In certain embodiments,
the stage is capable of moving the macromolecule in discreet distances of one monomer per
movement. In such embodiments, the stage is capable of moving the macromolecule through
the radiation one monomer at a time. For instance, in a first position, monomers n through m
of the macromolecule might contact the radiation. After movement to a second position,
monomers nt1 through m+1 would contact the radiation. The distance m-n would vary and
depend on the spot size of the radiation beam incident on the macromolecule.

[0043] Useful stages for the above component are known to those of skill in the art. Ex-
amples include nanopositioners, piezo stages, nanopositioning stages, encoders. These stages

have translational and rotational capability, in 3 dimensions, with a resolution of 0.1 nm.
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Since one base has an approximate distance of 0.34 nm this is sufficient to resolve or trans-
late across a single base.

[0044] Detection of a macromolecule constituent can be done in reflective or transmis-
sive mode. If in reflectance mode the reflectivity spectra is recorded from the plane of the
incidence angle and spectral peaks at specific wavelengths indicate the absorption. If in
transmissive mode then spectral dips in the absorption spectra identify the absorption signa-

ture. This is shown in FIGURE 3.

Macromolecules

[0045] The macromolecule can be any macromolecule deemed suitable by those of skill
in the art. In certain embodiments, the macromolecule is a polymer. In certain embodiments,
the macromolecule is a polypeptide. In certain embodiments, the macromolecule is a peptide
or protein. In certain embodiments, the macromolecule is a polynucleotide. In certain embod-
iments, the macromolecule is DNA . In certain embodiments, the macromolecule is RNA. In
certain embodiments, the macromolecule is an oligosaccharide.

[0046] The macromolecule can be prepared by any method deemed suitable by those of
skill. The macromolecule can also be obtained from any source deemed suitable by those of
skill. In certain embodiments, the macromolecule is synthetic. In certain embodiments, the
macromolecule is of cellular origin. In certain embodiments, the macromolecule is isolated
from a cell. In certain embodiments, the macromolecule is within a cell.

[0047] Generally, the macromolecule is presented on a support, as discussed above. The
macromolecule can be resting on the support. In certain embodiments, the macromolecule is
immobilized on the support. The macromolecule can be immobilized on the support by any
technique deemed suitable. In certain embodiments, the macromolecule is linked to the sup-
port via a non-covalent interaction. Examples of non-covalent interactions include electrostat-
ic interactions and hydrophobic interactions. In certain embodiments, the macromolecule is
linked to the support via one or more covalent bonds. In certain embodiments, the support is
derivatized for linking to a macromolecule. A glass support can be derivatized, for example,
by silanization with amino or epoxide or mercapto groups. Macromolecules linked to aminio,
succinyl, or sulfur groups can be immobilized covaelently on such derivatized by standard
techniques. In certain embodiments, the support is derivatized with biotin and the macromol-
ecule is linked to avidin via standard techniques. In certain embodiments, the support is deri-
vatized with avidin and the macromolecule is linked to biotin via standard techniques. In such

embodiments, the immobilization linkage is formed by the interaction of avidin and biotin.
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[0048] The supported macromolecule is thus configured for contact with the radiation. In
certain embodiments, the support is moved to position the macromolecule, or a portion there-
of, in the radiation. The radiation source, the optional optics, and the support are configured
so that the radiation contacts the macromolecule. The detector is configured to detect radia-
tion absorbed and/or transmitted and/or re-emitted by the macromolecule.

Methods

[0049] In the methods provided herein, a radiation source generates radiation. The radia-
tion contacts a macromolecule which absorbs at least a portion of the radiation. Radiation ab-
sorbed and/or transmitted by the macromolecule is detected by a detector.

[0050] In polynucleotide sequencing methods, each base or base pair of a polynucleotide
provides a characteristic absorption spectrum at discrete EUV frequencies. Exemplary ab-
sorption spectra are provided in the Figures and Examples herein. If a single base or base pair
is responsible for the absorption, that base pair can be identified from the absorption spec-
trum. If a plurality of bases or base pairs is responsible for the absorption, decomposition of
the absorption spectrum can identify the contributing bases or base pairs. In certain embodi-
ments, the stage is moved through the radiation spot size. Changes in the composite absorp-
tion spectrum at different wavelengths indicate which bases or base pairs moved out of the
radiation spot and which bases or base pairs moved into the radiation spot. From these chang-
es, the methods can identify the bases or base pairs that moved out of the radiation spot and
the bases or base pairs that moved into the radiation spot. These identified bases or base pairs
provide sequence information for the macromolecule. Accordingly, provided herein are
methods for identifying the sequence of a macromolecule.

[0051] In certain embodiments, the methods provided herein are applied to a number of
polynucleotides. The absorption spectra of these polynucleotides are stored along with the
base or base pair sequence of the polynucleotide. In these methods, a library of spectra and
corresponding sequences is developed. This library facilitates the identification of the se-
quences of new polynucleotides. In certain embodiments, provided herein are methods of
machine-based learning of the spectra and their corresponding sequences. As the components
of the present apparatuses accumulate more and more spectra and sequences, they become
more proficient at identifying sequences from new spectra.

[0052] In this embodiment the process of reading, scanning or imaging a gene sequence
or nucleobase includes the process of measuring its unique absorption spectra and/or identify-

ing the gene from a known or simulated spectrum.
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[0053] In another aspect of this disclosure, a gene sequence or set of nucleobases may
also be edited, altered, repaired or deleted at a given location or address. The deletion occurs
by focusing the light spot on the desired sequence at a given location and increasing the in-
tensity of the light or the power delivered to the focused spot to severe the link between two
base pairs through photo-absorption, or severe the base, and preventing regeneration. In cer-
tain embodiments the action of editing or deleting a subset of a sequence may occur consecu-
tively to reading the sequence. Depending on the spot size and intensity of the light one or
more gene sets can be deleted at any given location. More than one focused spot may also be
used to achieve multiple simultaneous solutions.

[0054] In certain embodiments, provided herein are methods for cutting a macromole-
cule. In any of the configurations above, the intensity of the radiation on a macromolecule
can be increased to a high intensity, sufficient to cut one or more bonds of the macromole-
cule. In certain embodiments, a particular sequence of the macromolecule is identified, as de-
scribed above. When the sequence is identified in the apparatus, the intensity of the radiation
is tuned to cut the macromolecule. Such embodiments provide sequence-specific cutting of a
target sequence in a macromolecule. In these embodiments, the macromolecule can be a pep-
tide or protein, and the macromolecule can be a polynucleotide such as DNA or RNA.

[0055]  In certain embodiments a 3D map or network of the gene ontology or macromole-
cule may be formed. This includes a registration database of the physical and sequence loca-
tion of each gene. After mapping each sequence the location of a given sequence can be dy-

namically addressed, and edited or repaired at a specific location.

FExamples

Example 1

[0056] In a molecular spectral evaluation, each nucleobase is contacted with EUV radia-
tion at wavelengths from O nm to 5.0 nm. Absorption spectra for each nucleobase is calculat-
ed and provided in FIGURE 1 and transmission spectra FIGURE 4. C, G, A and T have
unique spectra due to their unique molecular combinations and densities. In some cases the
spectral signature consists of 3 spectral dips in FIGURE 4 (Guanine) at wavelengths of 2.2
nm (oxygen), 2.8 nm (nitrogen) and 4.3 nm (carbon and hydrogen) and some cases such it
consists of 2 spectral dips (Adenine) at 2.8 nm and 4.3 nm wavelength. Furthermore the rela-
tive spectral intensity of each of the spectral dips is proportional to the number of oxygen (at
2.3 nm wavelength) atoms, nitrogen atoms (at 2.8 nm wavelength) and carbon atoms (at 4.3

nm wavelength) present in each nucleobase of the macromolecule. H atoms are relatively
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transparent. In this way organic molecules, peptides, amino acids can be identified and correlated
with their known structure. Additionally, information about known pairing structure, and spatial
information to help further identify the constituent of the macromolecule.

Example 2

[0057] In some cases the macromolecule has an identifier atom, e.g. a Chlorine atom. In this
case an additional spectral dip is observed at another wavelength e.g. at 6.5 nm. Since plasma
sources for EUV and Soft x ray are broad in their spectral range some macromolecule constituents
with unique atoms can easily be identified.

[0058] While the claimed subject matter has been described in terms of various embodiments,
the skilled artisan will appreciate that various modifications, substitutions, omissions, and changes
may be made without departing from the spirit thereof. Accordingly, it is intended that the scope
of the subject matter limited solely by the scope of the following claims, including equivalents
thereof.
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The embodiments of the present invention for which an exclusive property or privilege

is claimed are defined as follows:

1. An apparatus for detecting absorption by a macromolecule comprising:

1. a radiation source configured to transmit radiation having a wavelength from
0.1 nm to 250 nm, where the wavelength is chosen such that one or more
focusing components is configured to focus the radiation to a spot size of less
than 20 nm;

ii. the macromolecule comprising a sequence of monomers configured to absorb
at least a portion of the radiation;

. a detector for detecting radiation absorbed by the macromolecule, where each
monomer in the macromolecule has a unique signature in the absorption
spectrum; and

iv. a decomposer configured to convert the absorption spectrum from the detector
into an identified sequence of monomers of the macromolecule, said sequence
monomers selected from the group consisting of cytosine, guanine, adenine,

thymine, and uracil.

2. The apparatus of claim 1 wherein the radiation source is an extreme ultraviolet
source (EUV).

3. The apparatus of claim 1 wherein the radiation source is a soft X-ray source.

4. The apparatus of claim 1 wherein the one or more focusing components for

focusing the radiation is present and selected from one or more mirrors, lenses, or reflectors,

and combinations thereof, for focusing the radiation on the macromolecule.

5. The apparatus of claim 1 comprising one or more mirrors configured to focus

the radiation to a spot size of less than 20 nm.

6. The apparatus of claim 1 comprising a stage configured to contact the

macromolecule within the radiation.

7. The apparatus of claim 6 wherein the stage is configured to translate the
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macromolecule within the radiation.

8.

The apparatus of claim 1 wherein the macromolecule is a genomic sequence,

DNA sequence, RNA sequence, oligonucleotide, nucleotide, base pairs, single nucleotide

polymorphism, mutation, copy number variant, sequence of base pairs, bacteria, allele,

chromosome, or molecule.

10.

11.

12.

13.

14.

The apparatus of claim 1 wherein the macromolecule is a nucleic acid.
Use of the apparatus of claim 1 for locating a macromolecule sequence.
Use of the apparatus of claim 1 for reading a macromolecule sequence.
Use of the apparatus of claim 1 for editing a macromolecule sequence.
A method for genotyping comprising the steps of:

operating the apparatus of claim 1;

obtaining a sequence of the macromolecule from the system; and

identifying a genotype of the macromolecule from the sequence.

The identification of a gene sequence derived from using the apparatus of claim

1 using a self learning algorithm or predictive sequencing algorithm.

15.

A system for locating, reading, identifying and editing one or more gene

sequences, comprising:

an EUV or soft X ray light source configured to transmit light having a

wavelength in the range 0.1 nm to 250 nm;

amirror, lens, or reflector for focusing the light spot size;
a biomaterial to be sequenced;
a measured absorption spectrum or transmission spectrum; and

a decomposer configured to convert the measured absorption or transmission

spectrum into an identified sequence of monomers of the biomaterial, said monomers

selected from the group consisting of cytosine, guanine, adenine, thymine, and uracil.
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16.  The system of claim 15, wherein the biomaterial is a genomic sequence, DNA
sequence, RNA sequence, oligonucleotide, nucleotide, base pairs, single nucleotide
polymorphism, mutation, copy number variant, sequence of base pairs, bacteria, allele,

chromosome, or molecule.

17.  The system of claim 15 that further comprises a projection lens system with at

least 6 projection mirrors and a plasma light source.

18. A method for generating a genomic map comprising the steps of:
operating the system of claim 15;
obtaining a sequence of a macromolecule from the system; and

generating the genomic map from the sequence.

19. A method using the system of claim 15 comprising the steps:

contacting the biomaterial with the light from the EUV or soft X ray light
source;

obtaining the absorption spectrum or transmission spectrum;

obtaining the sequence of a plurality of residues of the biomaterial from the

absorption spectrum or transmission spectrum.

20. The method of claim 19, wherein the biomaterial is a nucleic acid and the

sequence is sequence of nucleic acid bases.

21.  The method of claim 19, wherein the biomaterial is a nucleic acid and the

sequence is a genomic map.
22. The system of claim 15 comprising a plurality of mirrors, lenses, reflectors,
mirrors and Ienses, mirrors and reflectors, lenses and reflectors or mirrors, lenses and reflectors

configured to focus the light spot size to less than 20 nm.

23.  The system of claim 15 comprising a plurality of projection mirrors configured

to focus the light spot size to less than 20 nm.
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