[image: ]

gih.uq.edu.au		

Ross Group/Genome Innovation Hub Standard Operating Procedure (SOP)

 
SOP Title:	Design of crRNA probes for Cas9-targeted sequencing
SOP Number:	GIH_SOP113-01
Effective Date:	01/09/2023
Replaces SOP Number:	First Issue
Group:	Ross Group/Genome Innovation Hub

Current version:
	Name	Date
First Issue written by:	Max Ma	09/08/2022
Latest update by:		
Authorised by:		

Document revisions:






Previous versions:
SOP Number	Authored/Revised by	Date Originated or Revised
		
		
		
		


Contents

A 	Purpose and Application	3
B 	Brief Summary of Method	3
C 	Untested Suggested Modifications	4
D 	Experimental Design Considerations	4
E	Requisite Prior Knowledge	4
F	Definitions and Abbreviations	4
G 	Occupational Health and Safety	4
H 	Cautions	4
I 	Personnel Qualifications, Training and Responsibilities	4
J 	Equipment and Materials	5
K 	Procedure	5
L 	Next Steps	5
M 	Worked Example	14
N	SOP Validation Details	14
O 	Troubleshooting	14
P	Waste Management and Disposal	14
Q 	Data Records Management	14
R 	Reference Documents	14
S 	Quality Control (QC) & Quality Assurance (QA) Section	14
T 	Appendix	14
 


[bookmark: _Toc137113653]A 	Purpose and Application
Cas9-targeted Nanopore sequencing is a rapid, selective and cost-effective approach for the characterisation of genetic and epigenetic variation of specific loci. Cas9-targeted sequencing (CTS) strategy is a reliable sequencing protocol that can be used to reveal methylation, structural variants, and single nucleotide variations. 
[bookmark: _Toc137113654][bookmark: _Toc453328149][bookmark: _Toc461441010][bookmark: _Toc488141944]B 	Brief Summary of Method
The CRISPR/Cas proteins comprise DNA- or RNA-cleaving enzymes that are programmed to cut specific sequences using oligonucleotide-length CRISPR RNA (crRNA). When Cas9 is loaded with crRNA and trans-activating CRISPR RNA (tracrRNA - a structural RNA required for catalytic activity), it forms a ribonucleoprotein complex (RNP). This complex searches the genomic DNA for the target region that is identical or highly similar to the crRNA sequence and seeds the crRNA by melting the duplex DNA. The genomic target site (or protospacer) is 20mer plus the protospacer-adjacent motif (PAM – such as NGG). The PAM is immediately next to the 3’ end of the target and defines the boundaries of the protospacer sequence. Cas9 cuts both strands of the target sequence 3 bp upstream of the PAM.
The production of a newly-exposed end at a specific site is the basis for the Cas-mediated enrichment method. The Cas9 targeted sequencing (CTS) method selectively enriches for regions of interest (ROI) prior to long-read nanopore sequencing of the native DNA molecule. This protocol introduces how to design the candidate crRNAs by an online bioinformatic tool, Chopchop.com. 
[image: ]
Figure: An overview of library preparation for Cas9 targeted sequencing approach. DNA ends are first dephosphorylated, new cuts are introduced with RNP complex, nanopore adapters are ligated to cuts around ROI and the samples is loaded to the sequencer. 
[bookmark: _Toc137113655]C 	Untested Suggested Modifications
N/A
[bookmark: _Toc137113656]D 	Experimental Design Considerations
Length of region of interest (ROI)?
Are the sequences either side of the region of interest known?
How much coverage of region of interest is required?
These considerations will lead to three main design options in section K
[bookmark: _Toc137113657]E	Requisite Prior Knowledge
The principle of CRISPR-Cas technique and probe design strategy. Also some basic genomic knowledge. Ensure your required genome assembly is loaded into the ChopChop software. If not, you can request it be added, but this may take up to 3 months.
[bookmark: _Toc137113658]F	Definitions and Abbreviations
[bookmark: _Toc137113659]CRISPR RNAs (crRNAs)
Cas9 targeted sequencing (CTS)
regions of interest (ROI)
trans-activating CRISPR RNA (tracrRNA)
ribonucleoprotein complex (RNP)
protospacer-adjacent motif (PAM)
guide RNA (gRNA)
nucleotides (nt)
G 	Occupational Health and Safety
N/A
[bookmark: _Toc137113660]H	Cautions
N/A
[bookmark: _Toc137113661]I 	Personnel Qualifications, Training and Responsibilities
Training Requirements:

×     Read and Understand Document	        ×     Training Required 
[bookmark: _Toc137113662]J 	Equipment and Materials
Standard PC
[bookmark: _Toc137113663]K 	Procedure
I. [bookmark: _Toc137113668]Determine the crRNA probe design approaches (Excision, single-cut or tiling)
Based on the information of the target genes (Figure below), different crRNA probe designing approaches will be used.
[image: ]
Figure: Decision tree for designing the Cas9 targeting approach based on the size and other information of the target region.

II. Online tool for crRNA probe designing approaches
a. Open the free crRNA probe design tool CHOPCHOP (chopchop.cbu.uib.no)
b. Locate the region of interest (RIO) region or gene by NCBI (use the most recent gene assembly and gene coordination/location information)
[image: ]
Figure: Take Gene LRRTM1 as an example to extract the most recent gene coordination/location information.

c. Click either FASTA or GenBank link to download sequence details or any other information.
[image: A close-up of a page
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Figure: Extract gene coordination information either from the link of FASTA or Genbank.

d. Deign the crRNA probes at the 5’ flanking region and 3’ flanking region, so that it will include the promoter sequences. The 5’ end and 3’ end coordination number needs to be adjusted. 
e. Decrease the 5’ end coordination number (>5000bp) to include more 5’ flanking sequences and increase the 3’ end coordination number (2000-4000bp).
f. The extended ROI region can be extracted from NCBI.









[image: ]Decrease the number for >5000bp to include promoter region (2000-4000bp)
Increase the number for 2000-4000bp to include the 3’-flanking region.

Figure: Demonstration about where to adjust the coordination/location on NCBI

g. Return to Chopchop homepage and input the following parameters.
- I always use specific genomic coordinates to search the gene target, even though the gene name is known. The genomic coodinated can be directly input in the “Target” of Chopchop, e.g. chr2:176077472-17609399. 
- Include 5’ and 3’ flanking regions
- The target genome to search for off-target sites (‘In’ box on CHOPCHOP homepage)
- Select ‘CRISPR/Cas9’ and ‘nanopore enrichment’ for ‘Using’ and ‘For’ box
- Click “Options” and manually input the following parameters
PAM-3’: NGG
Method for determining off-targets in the genome: Off-targets with up to 3 mismatches in protospacer
Efficiency Score: Doench et al. 2014 – only for NGG PAM
[image: ]
Figure: Recommended parameters in CHOPCHOP for probe design
h. Chopchop.com can search up to 40kb, so it allows to design crRNA probes for excision method directly (ROI<20kb). If the ROI size is larger than 40kb (tiling method), multiple searches will be conducted.
i. The waiting time is dependent on how many users are currently use the service. Two searching jobs per IP address are allowed.
[image: ]
Figure: After searching job is submitted, the job queue will be created.

j. Download results table as .tsv format. Open with EXCEL and convert to .xlsx format.
[image: A screenshot of a computer

Description automatically generated]
Figure: An example of crRNA probe output from Chopchop.com.

k. From the results table, filter each parameter as following.
	GC content (%)
	Self-complementarity
	MM0
	MM1
	MM2
	MM3
	MM3

	40-80
	0
	0
	0
	0
	≥0
	≤5





l. Based on the filter parameters, screen out all the candidate probes.
[image: A screenshot of a computer
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m. Select the probes in the 5’ and 3’ flanking regions to include the promoter region. Multiple similar procedures will be conducted for tiling method.
[image: A screenshot of a chart
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Figure: The crRNA probes are selected from 5’ and 3’ flanking regions

n. If no probes are suitable in your target region, you may do the following:
- Expand the target region by changing the gene coordination number to include more flanking sequence;
- Slightly relax the filtering parameters, until sufficient candidates are found. The Nanopore protocol recommends relaxing the MM0 parameter to 1.
1. Excision approach (ROI<20kb and both ends of the ROI known)
[image: ]
Figure: Excising a region of interest using four cuts (two each side of the ROI).

Cutting once on each side may results in incomplete cleavage. The protocol generally recommend excising a ROI by making four cuts, two probes upstream of the ROI targeting the (+) strand, and two probes downstream targeting the (-) strand.
Regions larger than 20 kb can be targeted using this approach, but this is limited by the length of the input DNA and users may experience drops in coverage towards the middle of the region of interest.
2. Single-cut and read out (ROI<20kb and only one side is known)
[image: ]
Figure 2. Excising a region of interest using a single cut, when only one side of the ROI is known. The coverage depth is high both for the ROI and the region downstream (bottom panel).
This method will give lower throughput due to only ligating sequencing adapters to one end of the strand. Regions larger than 20 kb can be targeted using this approach, but this is limited by the length of the input DNA and users may experience drops in coverage towards the end of the region of interest.

3. Tiling (ROI>20kb and probes with a 5-10 kb overlapping)
[image: ]
Figure 4. Probe design for a “bricklayer” tiling approach. Two sets of probes are designed covering a large region of interest (>20 kb). This breaks up the ROI into overlapping sections, ensuring good coverage of the whole length of the ROI.

This method involves designing two pools of probes which should be prepared as two separate experiments and pooled in the final step (before the final clean up) and loaded together onto the same flow cell. There are two options for designing the probes. For most use cases, we recommend a “bricklayer” approach, where each pool contains (+) and (–) probes that are designed to overlap each other. The second “highway” option is to have one pool of probes cutting in one direction (+) and one pool of probes cutting in another (–) (probe directionality is explained below). The “bricklayer” approach has shown to give a higher coverage of the target region.

L 	Next Steps
Check: Specificity check by in-silico PCR or BLAST
Order: Oxford Nanopore Technologies recommends free crRNA probe design tool CHOPCHOP (chopchop.cbu.uib.no) and ordering IDT Alt-R™ Cas9 probes: idtdna.com/crispr-cas9.
[bookmark: _Toc137113669]M 	Worked Example
[bookmark: _Toc137113670]        

N	SOP Validation Details
[bookmark: _Toc137113671]
O 	Troubleshooting

[bookmark: _Toc137113672]P	Waste Management and Disposal
[bookmark: _Toc137113673]N/A
Q 	Data Records Management
The experiment procedures are recorded on LabArchive. The results and design are stored on EXCEL on RDM (\\uq.edu.au\UQ-Research\GIHEX23CTS-Q5881)
[bookmark: _Toc137113674]R 	Reference Documents
[bookmark: _Toc137113675]“Getting started with Cas9 targeted sequencing”, Nanopore
Kornel Labun and others, CHOPCHOP v3: expanding the CRISPR web toolbox beyond genome editing, Nucleic Acids Research, Volume 47, Issue W1, 02 July 2019, Pages W171–W174, https://doi.org/10.1093/nar/gkz365,

S 	Quality Control (QC) & Quality Assurance (QA) Section
[bookmark: _Toc137113676]
T 	Appendix




Contact details
Stacey Andersen
Operations Manager, Genome Innovation Hub

T	+61 7 334 62607
E	s.andersen2@uq.edu.au
W	gih.uq.edu.au
-----------------------------------------------------------------------------------------------------------------------------------
Collaborator name Loan Nguyen
Collaborator title Research Fellow/Senior Research officer

T	+61 7 334 62179
E	t.nguyen3@uq.edu.au
W	https://qaafi.uq.edu.au/profile/2436/loan-nguyen







CRICOS Provider 00025B


Genome Innovation Hub	 GIH_SOP113-01	 Design of crRNA probes for Cas9-targeted sequencing 
image1.png
- THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

CREATE CHANGE




image2.emf

image3.emf

image4.png
Lrrtm1 leucine rich repeat transmembrane neuronal 1 [ Mus musculus (house mouse) | &, Download Datasets
Gene ID: 74342, updated on 5-Aug-2023

“ Summary 2)(?
Official Symbol  Lrrtm1 provided by MGI
Official Full Name  leucine rich repeat transmembrane neuronal 1 provided by MGI
Primary source MGIMGI 2389173
See related Ensembl ENSMUSG00000060780 AllianceGenome:MGI:2389173
Gene type protein coding
RefSeq status VALIDATED
Organism  Mus musculus
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Glires; Rodentia; Myomorpha; Muroidea; Muridae; Murinae; Mus; Mus
Also known as  4632401D06Rik
Summary Acts upstream of or within several processes, including long-term synaptic potentiation: negative regulation of receptor internalization; and positive regulation of synapse assembly. Predicted to be located in endoplasmic
reticulum; excitatory synapse; and growth cone. Predicted to be integral component of membrane. Predicted to be active in GABA-ergic synapse; extracellular matrix; and extracellular space. Predicted to be integral
component of postsynaptic specialization membrane. Is expressed in several structures, including central nervous system; future brain; limb; peripheral nervous system; and sensory organ. Used to study schizophrenia.
Orthologous to human LRRTM1 (leucine rich repeat transmembrane neuronal 1). [provided by Alliance of Genome Resources, Apr 2022]
Expression Biased expression in CNS E18 (RPKM 9.8), cortex adult (RPKM 6.8) and 7 other tissues See more
Orthologs human  all
m Try the new Gene table
Try the new Transcript table
“ Genomic context 2|7
Location: 6 C3; 6 33.89 cM See Lrrtm1 in Genome Data Viewer
Exoncount: 5
Annotation release Status Assembly Chr Location
RS_2023_04 current GRCm39 (GCF_000001635.27) 6 NC_000072.7 (77192762..77236898)
108.20200622 previous assembly GRCm38.p6 (GCF_000001635.26) 6 NC_000072.6 (77229210..77259915)
Chromosome 6 - NC_000072.7
[7s672435 {79673
38836 Conna2
Gotas Lrrtat mp Gnssas?
6330415821R1K
“ Genomic regions, transcripts, and products al?

Go to reference sequence details

Genomic Sequence: [NC_000072.7 Chromosome 6 Reference GRCm39 C57BL/6J v

Go to nucleotide:  Graphics FASTA  GenBank

) 2 NC_0000727 v | Find: V& a
7,199 K

A Tools + | ¥ Tracks » #, Download +

7.200 K

7218 K




image5.png
FASTA~

Mus musculus strain C57BL/6J chromosome 6, GRCm39

NCBI Reference Sequent
GenBank ~ Graphics

- NC_000072.7

>NC_000072.7:77192762-77236898 Mus musculus strain C57BL/6] chromosome 6, GRCm39

GGGGAAGGGAAAGAATATACAGTTTAAAGGCATGCTCTGAATTTGCTAATAGGCATCCACAGTCCTTTTG
GAACTGAAATAGAATTTTTGATGAAGTACCTTGTGGCAAATTTGAAATATTAGCCCAGGGGCCCCAACAA
GACATAATTCACTCCACTGGTGAGAACAAATCTCATTTCCACATCCATTCCTCTAAACTCATTACTGACC
CAGGGGAAAATGCTAGCCTACAGCAAGTTTTAATAAAGACACTGGTGGGCCTGTTGCTATATTACTAAAT
GCAATCATGAGCAACAAGCCACTTGGTAACAATGGACCCCTGGACCAATGGAGTCCCAAGAAGGCAGCTT
CTGGAAGGCTTAATAGTCCACCCAGAGCAGAACAGAACATCTGAGAAAGATCCCATTATTTTATGCGATA
TTTTTTTGAAAAAATATACATACCCTGGCTCAAAGAGACTGTCAGATTGCCTGTAAGTGAACTACTGAGA
ATAATTTACTATACATTCATTTTGGGTTTTGAAGGTATAAAGAGTCAGTATCAT TAGAAAAATTAAACAA
AAAATAATAATTACTTTGAGGTCAGAAAGATCTAAATTCAAATGTAAGT TCTAGGATTAATTTTATTATA
TCCTTTTTAGTACAATGTGTCTTACCTAAATGTGCATGATCTATGAGAGTAGCCAATGCTCTTACTGTCT
TCTCATATGTCCTCTAGTGTCATGCATATAATGATTCTCAACAAACACGTATAATCAAGATCTACTCTTC
TGGTATACTATGAATGTAAAGATAGGTAGTATATGTAAAACCTTTGTCATGTTTCTGACATAAGAGATTT
CCATAATGAAGTAAATTTCCATGTATGAAGTAAATGAATTGTTGGTATTTGCTCTGATCAAAGGCTATAT
CGTGGAATAAGAATGTGTGGTACTATAGGATGACCTGTCCAGGGAGAGCAACCACAGGATATAAGAAGGT
GATGGCCAGGAAGGACACAGTTCATGCTCATTGTGCAAGCTGGTTTGTAGTAATTCCTACAGCAGGTCAG
CAACTGTGTGTGGAGCCAGTCCTCAGCCTTAAGAAGCACACTAGAACTTTCCTCTGGATTTCCATTGAGC
CCTTGAGCTGTTAGAGTCCAATAAAAACCCCACACATGTTTCTAGAGGATGTACTGACTTGTACTGAATA
GCTATTTGGAGGGAAATCCACATGTGCAGATAGAGGCAACATGTCCTGACTTGCTAAGTGAGGGGTTTCT
CCTAACATCTGAACTGTCTCCTTCTTCAACCTGGCCATATTTTCACTACTATTCTTTGGCAGTAGGATGA
CTTTCATACTGTCTTCTGAGATTGCCAGTGAAGAAGTCTGTTCACACATAAGGAT TGTGATGAAGAGGGA
ATAAATCATTATTAACGCATATAAAAAGGGTATCAGTCCCAGTAGCGAGGTATCAAATTCCTTGCATGAA
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8 GCCGTCGCGCAATCAACTCGTGG chr2:176092420 + 65 0 0 0 0 0 0.16
9 GCCGCGACACATAGTTCTCCCGG chr2:176082231 + 60 0 0 0 0 0 0.09

10 CCGCGGGGGGTAGTCACCAAAGG chr2:176082042 - 70 1 0 0 0 0 0.02
1 AACCCCCGGGCGAGCAGAACTGG chr2:176084186 - 70 0 0 0 0 0 0.00
12 TCCCGGCCACCGAATCCGAACGG chr2:176082003 - 65 1 0 0 0 1 0.89
13 CTATCAAAGTTGTCGCCAAGAGG chr2:176085339 - a5 0 0 0 0 1 0.73
14 ATACACACACGCTGTCCGTTCGG chr2:176092101 - 50 3 0 0 0 1 0.66
15 GCGGGCCCAATGCACCTCCGCGG chr2:176084802 - 75 1 0 0 0 1 0.54
16 TACAGCTGCCGTATGTCGCACGG chr2:176093296 + 55 0 0 0 0 1 0.49
17 CTGCAAAATGCGAGGCCGGTCGG chr2:176091797 + 60 0 0 ) ] 1 0.43
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Rank  Target sequence Genomiclocation  Strand GC content (%) Self-complementarity MMO MM1 MM2 MM3  Efficiency
1 GGCCGTCTTACTAAGCACCGCGG  chr2:176080152  + 60 0 0 0 0 0 76.11
2 CTGCACTACTACCCGCACGTGGG  chr2:176080666 - 60 0 0 0 0 0 69.46
3 ATGTCGGTAGACGCATTCAGAGG  chr2:176071359  + 50 0 0 0 0 0 68.56
4 GCACACCGTCCTCAACGAAGAGG  chr2:176081027  + 60 0 0 0 0 0 63.91
5 GCCGCGACACATAGTTCTCCCGG  chr2:176082231  + 60 0 0 0 0 0 s9.4
8 CTGAACTACAGGGCGCGTTTGGG  chr2:176075605 - 55 0 0 0 0 0 .75
9 GGGTCCCCTTTTTICACAATAGG  chr2:176089171  + a5 0 0 0 0 0 34.66
10 AACCCCCGGGCGAGCAGAACTGG  chr2:176084186 - 70 0 0 0 0 0 33.96
11 CCCTCCTCGGGTGCGAAATTAGG  chr2:176071952  + 60 0 0 0 0 0 24.32
12 CTATCAAAGTTGTCGCCAAGAGG  chr2:176085339 - a5 0 0 0 0 1 68.47
14 TICGTACCTTAATGACGAGCGGG  chr2:176083998 - a5 0 0 0 0 1 58.69
15 TITAACCTTAGACCCGTTGGGGG  chr2:176085748  + a5 0 0 0 0 1 57.07
16 GACGTGGCAGTTAACACTAGTGG  chr2:176078859  + 50 0 0 0 0 1 56.88
18 CAGTGTCGAACGCTCCATGAAGG  chr2:176081541  + 55 0 0 0 0 1 5413
19 GCGTCTCTGTTTAGGTCAGCGGG  chr2:176082904 - 55 0 0 0 0 1 52.59
20 CCGAAAAGGAGGCGGCGCAACGG Chr2:176079359  + 65 0 0 0 0 1 5171
21 CAGGCGAAGTGCGGTTTCCACGG  chr2:176088198  + 60 0 0 0 0 1 9.6
22 ATGACGCACGCGGCCGCCACCGG  chr2:176080723 - 75 0 0 0 0 1 46.76
23 TAGGGGTCTACCGGCTCGCTCGG  chr2:176083047  + 65 0 0 0 0 1 45.95
24 TGGCAACGTGAGCGTGGATTCGG  chr2:176085051 - 55 0 0 0 0 1 .83
26 GAAAGCGCTTTCTTGCTACGTGG  chr2:176084779  + 50 0 0 0 0 2 69.24
27 GACTGTCAATTTCACCCCCGAGG  chr2:176084212 - 55 0 0 0 0 2 64.37
30 AACGACCAACAGCGCATGAGTGG  chr2:176082460  + 55 0 0 0 0 2 57.59
31 CAATTGGGGCCGACAACTTGCGG  chr2:176088072  + 55 0 0 0 0 2 533
33 CTCGCGTTGTTGAAATAAGTTGG  chr2:176085873 - 0 0 0 0 0 2 w7
34 AATTTAGGGGGATGCCCGCCAGG  chr2:176079903  + 60 0 0 0 0 2 21
36 TCGGCTCCCCCCTTCGTGCTTGS  chr2:176088554  + 70 0 0 0 0 2 2538
37 GGTTCAGGCTCGGGTCGTGCTGG  chr2:176086276  + 70 0 0 0 0 2 23.59
38 ACTACGTCGCCACCGCCAGGGGG  chr2:176080085 - 70 0 0 0 0 3 7148
39 AGACGGTTGGCGAATCTCTGCGG  chr2:176072922 55 0 0 0 0 3 69.97
40 GATCGCTGTAGTATTTGGAGAGG  chr2:176079188 - a5 0 0 0 0 3
41 GCCAAGAACCATTTCACCCGAGG  chr2:176079007  + 55 0 0 0 0 3
65 0 0 0 0 3

42 AACGGCGTGGCCCGAAGCAACGG  chr2:176079713 -





image12.png
Genomiclocation Strand
<chr2:176077472 +
>chr2:176082962 -

Target sequence Genomiclstrand GCconterSelf-comcMMO — MM1  MM2  MM3  Efficiency.
46 GCCATACAACCTCTCGCATTTGG  chr2:1760(+ 50 0 0 0 0 3 40.44 GCCATACAACCTCTCGCATT GCCATACAACCTCTCGCATT
50 CCATTCTGTGACCGTCCTCGTGG  chr2:17601+ 50 o o o o 4 64.79 CCATICTGTGACCGTCCTCG CCATTCTGTGACCGTCCTCG
79 TCTCTTCCGTCGAACCCTTTTGG  chr2:17601+ 50 o o o o 5 24.65 TCTCTTCCGTCGAACCCTTT _ TCTCTTCCGTCGAACCCTTT
64 AGAGCGTGAAACTCATGATCTGG  chr2:17607+ 5 [ [ [ [ 4 3558 AGAGCGTGAAACTCATGATC AGAGCGTGAAACTCATGATC
78 CCGTTCCACCTTAAATAACTTGG  chr2:17607+ 0 0 0 0 0 5 3119 CCGTTCCACCTTAAATAACT CCGTTCCACCTTAAATAACT
56 GATGAATGACATCTCGGGATCGG  chr2:1760¢- 5 [ [ [ [ 4 52.91 GATGAATGACATCTCGGGAT GATGAATGACATCTCGGGAT |

27 GACTGTCAATTTCACCCCCGAGG 64.37 GACTGTCAATTTCACCCCCG  GACTGTCAATTTCACCCCCG
24 TGGCAACGTGAGCGTGGATTCGG 44,83 TGGCAACGTGAGCGTGGATT TGGCAACGTGAGCGTGGATT
12 CTATCAAAGTTGTCGCCAAGAGG  chr2:1760¢- 68.47 CTATCAAAGTTGTCGCCAAG CTATCAAAGTTGTCGCCAAG
70 TICGTTAAAATGGTTGCCACCGG  chr2:1760¢- 55.55 TICGTTAAAATGGTTGCCAC TTCGTTAAAATGGTTGCCAC
33 CTCGCGTTGTTGAAATAAGTTGG  chr2:1760¢- 4474 CTCGCGTTGTTGAAATAAGT CTCGCGTTGTTGAAATAAGT
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