From: Mark Pratt

To: John West

Subject: Lab projects

Date: Monday, August 6, 2012 11:40:50 AM
Attachments: LabUpdate 120802.pptx

Hi John -

I'm attaching Shujun's slides on lab R&D around accuracy. Sorry about the size but it includes
a lot of read stacks. This doesn't include production and/or diversity panels but is more
focused on specific problems. On the last page is a grid where we evaluate the basic
approaches. The only one that we are planning to drop from the agenda is the low
concentration phasing since there are others doing this (GNOM and Moleculo).

The price for the used CHEF system was $1000.
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Goals

Expanding Repeat Diseases (small, challenging, high value set)

Characterize achievable performance with contemporary technologies (v3 chemistry & lobSTR)

Develop custom sequencing libraries or methods as necessary

Difficult motifs (Homopolymers, STRs)

Identify and develop challenge sets

Develop methods to improve performance

SD/Compression

Use library methods to reduce mapping and assembly degeneracy

Use library methods to improve haplotype performance in degenerate regions 

Phasing

Link heterozygous loci across genes

Develop target set (if necessary)

Improve performance on interpretable content

Customized libraries and sample preparation methods









Grand Entry



PCR Room



Ghost Room



R&D Lab









John’s analysis:



R1 of 2x300:



Median # bases >= Q25: 258

Median # bases >= Q30: 243



Best read out of 2,500:

  299 bases >= Q25

  295 bases >=Q30



90th percentile:

   282 bases >= Q25

   271 bases >= Q30



R2 of 2x300 :



Median # bases >= Q25: 202

Median # bases >= Q30: 187



Best read out of 2,500:

  251 bases >= Q25

  233 bases >=Q30



90th percentile:

   225 bases >= Q25

   210 bases >= Q30





2x150

2x300

Sequencing Platform Performance Bench Mark






Current Status on 19 ExpandRepeat Diseases
---data from Amy ERX069505 (2x100) 

		 		 		 		 		Nan’s Lobstr v1																		shujun's eye								

		Chr		Start		End		Disease		STR		Period		Reference copy 		Allelotype		Coverage		Supporting reads		Conflicting reads		All alleles		Score		STR		Period		Reference copy 		Allelotype		note

		chr1		208440810		208440838		 		AGC		3		9.3		39,39		1		1		0		39:1		1		 		 		 		 		 

		chr12		7045879		7045938		Dentatorubral-pallidoluysian atrophy (DRPLA))		AGC		3		19.7		0,0		16		16		0		0:16		1		CAG/CAA		3		19		19,?		good coverage, could be only one allele

		chr12		112036753		112036823		Spinocerebellar ataxia 2 (SCA2)		AGC		3		23.3		0,0		9		8		1		-3:1/0:8		1.36E-10		CTG		3		23		22,23		lobstr misses one allele

		chr13		70713483		70713517		 		ACT		3		11.3		6,12		2		2		0		6:1/12:1		1		 		 		 		 		 

		chr13		70713515		70713561		Spinocerebellar ataxia 8 (SCA8)		AGC		3		15.3		0,0		1		1		0		0:1		1		CTG		3		15		15,16		lobstr misses one allele

		chr14		92537354		92537396		Machado-Joseph disease (SCA3)		AGC		3		14		27,30		10		10		0		27:6/30:4		1		CTG		3		8		>14		no cross over, lobstr should be correct, hugeseq didn't call long insertion well

		chr16		87637888		87637935		Huntington disease-like 2 (HDL20)		AGC		3		15.3		0,6		12		12		0		0:8/6:4		1		TGC		3		14		14,16		agree with lobstr

		chr19		13318672		13318712		Spinocerebellar ataxia 6 (SCA6)		AGC		3		13.3		-6,-3		16		16		0		-6:12/-3:4		1		TGC		3		13		11,12		agree with lobstr

		chr19		13318970		13319016		 		AGG		3		15.3		-6,0		5		5		0		-6:3/0:2		1		 		 		 		 		 

		chr19		46273462		46273524		Myotonic dytrophy 1 (DM1)		AGC		3		20.7		-21,-21		9		9		0		-21:9		1		CAG		3		20		13,5		lobstr misses one allele

		chr21		45196323		45196360		Myoclonic epilepsy		no call		 		 		 		 		 		 		 		 		CGCGGGGCGGGG		12		3		2,3		 

		chr22		46191234		46191304		Spinocerebellar ataxia 10 (SCA10)		no call		 		 		 		 		 		 		 		 		ATTCT		5		14		13,?		good coverage, could be only one allele

		chr3		63898360		63898392		Spinocerebellar ataxia 7 (SCA7)		AGC		3		10.7		0,6		10		10		0		0:5/6:5		1		CAG		3		10		10,12		agree with lobstr

		chr3		128891419		128891502		Myotonic dytrophy 2 (DM2)		AGGC		4		20.8		-24,-24		1		1		0		-24:1		1		CAGG		4		20		15,?		disagree with lobstr

		chr3		128891538		128891576		 		AC		2		19		6,18		9		8		1		6:6/14:1/18:2		1		 		 		 		 		 

		chr4		3076603		3076667		Huntington disease		AGC		3		21.3		-9,-3		10		10		0		-9:5/-3:5		1		CAG		3		21		20,18		agree with lobstr

		chr4		3076665		3076695		 		CCG		3		10		0,9		11		11		0		0:4/9:7		1		 		 		 		 		 

		chr5		146258290		146258322		Spinocerebellar ataxia 12 (SCA12)		AGC		3		10.7		0,12		25		25		0		0:15/12:10		1		GCT		3		10		10,14		agree with lobstr

		chr6		16327864		16327955		Spinocerebellar ataxia 1 (SCA1)		no call		 		 		 		 		 		 		 		 		CTG		3		29		?		no cross over, good coverage, could benefit from longer read

		chr6		170870994		170871105		Spinocerebellar ataxia 17 (SCA17)		no call		 		 		 		 		 		 		 		 		CAG		3		38		?		no cross over, good coverage, could benefit from longer read

		chr9		71702832		71702873		Friedrich ataxia (FRDA)		AAG		3		13.7		0,0		26		26		0		0:26		1		CTT/CTC		3		14		14,?		good coverage, could be only one allele

		chrX		146993040		146993079		 		AAACC		5		7.8		0,0		9		9		0		0:9		1		 		 		 		 		 

		chrX		146993554		146993629		Fragile-X site A (FRAXA)		no call		 		 		 		 		 		 		 		 		CGG		3		20		?		no cross over, poor coverage

		chrX		147582124		147582273		Fragile X site E (FRAXE)		no call		 		 		 		 		 		 		 		 		GCC		3		15		15,?		ok coverage, may have another allele

		chrX		66765158		66765261		Kennedy disease		no call		 		 		 		 		 		 		 		 		CAG		3		22		20,24		lobstr misses both alleles







		Chr		Disease		Coord		Gene		region		Description		read length for stable 		*aligned frag allowance for 100bp		*aligned frag allowance for 150bp		*aligned frag allowance for 200bp		P(N>2,RL=100) at 30x 		P(N>2,RL=150)
at 30x 		P(N>2,RL=200)
at 30x

		chr12		Spinocerebellar ataxia 2 (SCA2)		12q24		ATXN2		coding		(CAG)n (stable 15-24)		72		25		75		125		0.9953		1.000		1.000

		chr12		Dentatorubral-pallidoluysian atrophy (DRPLA)		12p13.31		DRPLA		coding		(CAG)n (stable 7-34)		102		-5		45		95		NaN		1.0000		1.000

		chr13		Spinocerebellar ataxia 8 (SCA8)		13q21		?		UTR		(CTG)n (stable 16-34)		102		-5		45		95		NaN		1.0000		1.000

		chr14		Machado-Joseph disease (SCA3)		14q32.1		ATXN3		coding		(CAG)n (stable 13-36)		108		-11		39		89		NaN		0.9999		1.000

		chr16		Huntington disease-like 2 (HDL20		16Q24.3		JPH3		variably spliced exon		(CTG)n (stable 7-28)		84		13		63		113		0.9008		1.0000		1.000

		chr19		Myotonic dytrophy 1 (DM1)		19q13		DMPK 		3' UTR		(CTG)n (stable (5-37)		111		-14		36		86		NaN		0.9988		1.000

		chr19		Spinocerebellar ataxia 6 (SCA6)		19p13		CACNA1A		coding		(CAG)n (stable 4-17)		51		46		96		146		1.000		1.0000		1.000

		chr21		Myoclonic epilepsy		21q22.3		CSTB 		promotor		(CCCCCGCCCCGCG)n (stable 2-3)		39		58		108		158		1.0000		1.0000		1.000

		chr22		Spinocerebellar ataxia 10 (SCA10)		22q13.31		ATXN10 		intron 9		(ATTCT)n (stable 10-20)		100		-3		47		97		NaN		1.0000		1.000

		chr3		Myotonic dytrophy 2 (DM2)		3q21.3		ZNF9 		intron 1		(CCTG)n (stable 10-26)		104		-7		43		93		NaN		1.0000		1.000

		chr3		Spinocerebellar ataxia 7 (SCA7)		3p14.1		ATXN7		coding		(CAG)n (stable 4-35)		105		-8		42		92		NaN		1.0000		1.000

		chr4		Huntington disease		4p16.3		HD (HTT)		coding		(CAG)n (stable 6-34)		102		-5		45		95		NaN		0.9999		1.000

		chr5		Spinocerebellar ataxia 12 (SCA12)		5q32		PPP2R2B		promotor		(CAG)n (stable7-45)		135		-38		12		62		NaN		0.8743		1.000

		chr6		Spinocerebellar ataxia 1 (SCA1)		6p23		ATXN1 		coding		(CAG)n (stable 6-38)		114		-17		33		83		NaN		0.9995		1.000

		chr6		Spinocerebellar ataxia 17 (SCA17)		6q27		TBP		coding		(CAG)n (stable 24-42)		126		-29		21		71		NaN		0.9866		1.000

		chr9		Friedrich ataxia (FRDA)		9q13		FXN 		intron 1		(GAA)n (stable 6-32)		96		1		51		101		0.0369		1.0000		1.000

		chrX		Fragile-X site A (FRAXA)		Xq27.3		FMR1		5' UTR		(CGG)n (stable 6-54)		162		-65		-15		45		NaN		NaN		1.000

		chrX		Fragile X site E (FRAXE)		Xq28		FMR2 		5' UTR		(CCG)n (stable 4-39)		117		-20		30		80		NaN		0.9988		1.000

		chrX		Kennedy disease		Xq12		AR 		coding		(CAG)n (stable 9-35)		105		-8		42		92		NaN		1.0000		1.000



Longer Read Length Increases the Possibility of Detection

*: Minimal 3bp flanking

Still need to include sampling for het?







Chr12:DRPLA







Chr12:SCA2
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Chr13:SCA8







Chr14:SCR3
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Chr16:HDL20
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Chr19:SCA6
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Chr19:DM1
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Chr21:MYOCLONIC EPILEPSY









14



Chr22:SCA10
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Chr3:SCA7
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Chr3:DM2
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Chr4:HTT
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Chr5:SCA12
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Chr6:SCR1
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Chr6:SCR17
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Chr9:FRDA
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ChrX:FMR1
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chrX:FMR2
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chrX:Kennedy disease
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Conclusions

Newer chemistry appears to be able to read through most of these repeats (unlike older chemistry).  The problem is getting enough sampling of spanning reads since these regions are approaching current read lengths.

With 150bp or 200bp, we should be able to detect stable alleles for all the disease regions from one end to the other end.

FMR1 is so far the most problematic one, with poor coverage (mostly truncated reads).

Exploring MiSeq long reads but this will only be commercially feasible if we can make a targeted long-read library or perform on whole genome with longer HiSeq reads.







HTT(Huntington) PCR

ATGGCGACCCTGGAAAAGCTGATGAAGGCCTTCGAGTCCCTCAAGTCCTTCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGCCGCCACCGCCGCCGCCGCCGCCGCCGCCTCCTCAGCTTCCTCAGCCGCCGCCGCAGGCACAGCCGCTGCTGCCTCAGCCGCAGCCGCCCCCGCCGCCGCCCCCGCCGCCACCCGGCCCGGCTGTGGCTGAGGAGC











Primer 1

Primer 2

Primer1

taq

Primer2

taq

Primer1

Phu-hf

Primer1

Phu-gc

Primer2

Phu-hf-gc





FMR1 (fragile X) PCR

GCGGGCCGGGGGTTCGGCCTCAGTCAGGCGCTCAGCTCCGTTTCGGTTTCACTTCCGGTGGAGGGCCGCCTCTGAGCGGGCGGCGGGCCGACGGCGAGCGCGGGCGGCGGCGGTGACGGAGGCGCCGCTGCCAGGGGGCGTGCGGCAGCGCGGCGGCGGCGGCGGCGGCGGCGGCGGCGGAGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCTGGGCCTCGAGCGCCCGCAGCCCACCTCTCGGGGGCGGGCTCCCGGCGCTAGCAGGGCTGAAGAGAAGATGGAGGAGCTGGTGGTGGAAGTGCGGGGCTCCAATGGCGCTTTCTACAAGGTACTTGGCTCTAGGGCAGGCCCCATCTTCGCCCTTCCTTCCCTCCCTTT

Red and underlined primers failed in both Taq and Phusion, will try blue primer with betaine.





   CTTAAAAAAAAAAAATCCAGC

CGAGAATTTTTTTTTTTTAGG

  

   TGGTTAAGCAACACAGAAGGGT CTTAAAAAAAAAAAATCCT AACTAGGCATATGTGCATCTGGAGC 

CGAACCAATTCGTTGTGTCTTC CCAGAATTTTTTTTTTTTAGGATTG ATCCGTATACACGTAGACC

  

   TGGTTAAGCAACACAGAAGGGT CTTGGGGGGGGGGGGTCCT AACTAGGCATATGTGCATCTGGAGC 

CGAACCAATTCGTTGTGTCTTC CCAGAACCCCCCCCCCCCAGGATTG ATCCGTATACACGTAGACC

   CTTGGGGGGGGGGGGTCCAGC

CGAGAACCCCCCCCCCCCAGG

   CTTACACACACACACACACACACACACACACACA CACACACACACACACACACACACACACACATCCAGC

CGAGAATGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG TGTGTGTGTGTGTGTGTGTGTGTGTGTAGG

         AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCG

 GTTCGTCTTCTGCCGTATGCTCTAGCaaagtgCACTGACCTCAAGTCTGCACACGAGAAGGCTAG

   CTTAAAAAAAAAAAAAAAAAAAAAATCCAGC

CGAGAATTTTTTTTTTTTTTTTTTTTTTAGG

  

   TGGTTAAGCAACACAGAAGGGT CTTAAAAAAAAAAAAAAAAAAAAAATCCT AACTAGGCATATGTGCATCTGGAGC 

CGAACCAATTCGTTGTGTCTTC CCAGAATTTTTTTTTTTTTTTTTTTTTTAGGATTG ATCCGTATACACGTAGACC

Difficult Motifs





Long Range Haplotyping using Dilution and Amplification

Shujun Luo

Mark Pratt
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Why haplotype – do we need to identify case I vs case II?

AC TCTGA G

T

A

G

A

Chromosome copy

 from mother





*



ACGTCTGAAG

Chromosome copy

 from father





*

Standard

Sequencing

ACATCTGATG

Chromosome copy

 from mother







ACATCTGAAG

Chromosome copy

 from father





*

ACGTCTGATG

Haplotype

Phasing

ACATCTGAAG

ACGTCTGATG

AC TCTGA G

T

A

G

A

Standard

Sequencing

Haplotype

Phasing

ACATCTGATG

ACGTCTGAAG

Case I: Single copy of 

Gene carries “risk” alleles

 

Case II: Both copies of 

Gene carry “risk” alleles

Phasing resolves 

ambiguity

On one copy??

On both copies??

 

On one copy??

On both copies??

Phasing resolves 

ambiguity
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Incidence of Multi-SNP Genes

NA12878 A/B Nonsynonymous SNPs: 

1,024 RefSeq Genes

232 Mendelian Tier 1 Genes

834 Mendelian Tier 2 Genes

9 PharmGKB VIP Genes

PharmGKB – 14 Genes, 27 Transcripts

Regulome1  - 6,077 Genes, 9,253 Transcripts

Regulome2  - 19,292 Genes, 26,439 Transcripts

Varimed – 21 Genes, 35 Transcripts



Includes Alt/Alt but shouldn’t





Statistical imputation and phasing

Population-based linkage disequilibrium and pedigree analysis

Former unlikely to be accepted by researchers / FDA

Later unlikely to be commercially viable

Sequencing of large insert fosmid clone pools

Very labor intensive

Somatic cell hybrid construction to convert a diploid cell into haploid cell lines

Very labor intensive

Isolation of individual chromosomes through chromosome microdissection or microfluidic devices

Requires high level expertise

Very long reads – e.g. ONT

Accuracy and cost are big factors

Read pairs

Inefficient unless the read length increases drastically (while not compromising error)

Potential methods for phasing/haplotyping
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High concentration dilution:

~1x coverage of genome per reaction

Select haplotype within defined RE fragments reducing likelihood of mislinking separate fragments

Require smaller number of libraries (~10) to sample entire genome

Low Concentration dilution:

~0.1x coverage of genome per reaction

Likely to have SD/compression regions in different reactions allowing for separate alignment or assembly

Requires larger numbers of  libraries (~100) to cover genome

High concentration/Low concentration dilution
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Restriction Fragment Libraries (Mark to edit)

Restriction A libraries

1 {

2 {

3 {

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Restriction B libraries

1 {

2 {

3 {

✓

✓

✓

✓

✓

✓

Phased B Segments

Phased A Segments

Linked Segments

Single Haplotype: ✓

Library





Concentration and library multiplicity to achieve 99% fragment phasing







At concentrations 0.5-1.0x “coverage” it will take approximately 12 libraries to  see 99% of fragments in a single molecule situation.





Proposed high concentration Phasing Sample Preparation

Extract long fragment, whole genome DNA 

Process 2 aliquots using restriction enzyme A and B to fragment.  

Further aliquot into ~12 libraries, each with a target density such that each fragment is represented at ~1x-fold

Prepare sequencing libraries (amplify, fragment, index)

Pool all libraries and pullout exome

Sequence at ~5-10x per library, 100-200x net (ensure sensitivity for zygosity detection)

Process with normal exome pipeline

Custom post-process to determine phasing

Identify restriction spans with strong evidence of single haplotype segments (requires modest sensitivity at several heterozygous sites)

Link alleles on identified single haplotype segments

Link haplotype restriction spans using alternating (A,B) restriction spans



Restriction cutting produces fixed endpoints to fragments and allows for much higher concentration and therefore fewer libraries because this method is much less likely to inadvertantly link copies by chance.



Genomic DNA

A Frags

Restriction enzyme digest A

Restriction enzyme digest B

B Frags 





























Aliquot ~1x samples

Aliquot ~1x samples

Amplify, fragment, index





























Amplify, fragment, index

Pooled Libraries

Exome pullout

Sequence >100x  & Process





~1Mb Duchenne Muscular Dystrophy (DMD) region on X chromosome

Two male Coriell DNAs (NA18507 + HG10377) were first sequenced to identify true haplotypes. Samples are mixed to simulate a diploid “XX” genome then sequenced to identify SNPs and sequenced using the dilution-amplification method



4.6Mb Human Leukocyte Antigen (HLA, Chr6) region

Genomic DNA from COX and PGF cell lines, both of which are homozygous across the HLA locus due to identity-by-descent, mixed at 1:1 ratio to simulate a heterozygous HLA locus and sequenced using the dilution-amplification method

Amy

Locate Broad, Yale, OpGen results for comparison





Proposed Proof of concept: 
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Data from CGI (Low concentration)

Starting material: 10-20 cells worth of DNA -- isolate long DNA 50-500kb DNA

384 dilutions

only 10% of the genome should be represented in each aliquot

~30 diluted DNA copies – probably >150X sequencing

Haplotyped 91~97% of heterozygote SNPs

1 in 10 MB error (by filtering on haplotype)





Cost

		High concentration direct sequencing: 		$9,200

		Library: $50 (cost/library) x 12 (dilution) x 2 (enzyme)		$1,200

		Sequencing (HiSeq) 		$8,000

				

		High concentration exome pull-down sequencing:		$3,300

		Library: $50 (cost/library) x 12 (dilution) x 2 (enzyme) + $100 (pull down)		$1,300

		Sequencing (MiSeq)		$2,000

				

		Low concentration direct sequencing		$12,800

		Library: $50 (cost/library) x 96 (dilution) 		$4,800

		Sequencing (HiSeq)		$8,000

				

		Low concentration exome pull-down sequencing		$6,900

		Library: $50 (cost/library) x 96 (dilution) + $100 (pull down) 		$4,900

		Sequencing (MiSeq)		$2,000









Currently the MDA amplification step appears to have extreme biases

Haplotype switching errors

Requires substantial bioinformatics support 

assign zygosity by bin and library

link phased segments

develop output format, etc.



Potential Risks
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RFLP-Seq

Shujun Luo

Mark Pratt

John West







Goal

To resolve SD by physically separating DNA fragments, assuming each copy of the SD falls into different bins (by length of restriction enzyme digested fragments). 







Example---3 copies of Amylase



44105 bp

31780 bp

38383 bp

23266 bp

27019 bp

31637 bp

SwaI

PacI
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26399 bp

15698 bp

43676 bp

BamHI

Of the 3 enzymes showing here, BamHI is best at distinguishing the 3 copies; SwaI is ok if size selection is controlled very well; PacI can’t distinguish rep2 and rep3. 



It would need combination of different enzymes to capture different SD, and still it is possible there some SDs can’t be distinguished with the chosen enzymes.





CHEF Mapper







Project Planning





# Total Libraries = # section x # enzyme







Cost

		CHEF Mapper System		$30,000

				

		Direct sequencing		$10,160~13,760

		Library: $60 (cost/library) x 12 (gel sections) x 3~8 (enzyme) 		$2160~5760

		Sequencing (HiSeq)		$8,000

				

		exome pull-down sequencing:		$4260~7860

		Library: $60 (cost/library) x 12 (gel sections) x 3~8 (enzyme) + $100 (pull down)		$2260~5860

		Sequencing (MiSeq)		$2,000

				







Potential Risks

Need large amount of starting material.

Difficult to scale up.

Useful for refining reference, however hard to apply to individual genome.

Some SD may not be distinguished with the chosen enzymes.

Requires significant bioinformatics support 

Implement bin assignment prior probabilities in alignment or assembly





Summary of Lab Based Accuracy Options

				Random Error		Mapping Error		SD & CMP		SV		UNERD“VNTR”		phasing		Cost (R&D)		Cost (Prod)		Development Effort

		Long Paired Reads
Improving mapping and phasing by using longer paired reads				+		+		+		++		+		Low		0		Experiment with long reads on MiSeq
Wait for ILMN to produce HiSeq kits
Modest sample prep development for appropriate library sizing
Modest bioinformatics support for improved longer read alignments
High level of bioinformatics support to leverage for SD, compressions and SVs.

		Fused Reads
Improving mapping and phasing by using longer reads		+		+				+				-		Low		Low*		Modest sample prep development for appropriate sizing
Modest bioinformatics support for longer single fragment alignment

		RFLP binning
Resolve long range mapping degeneracies by size binning RE frags				++		+++		+						High		High		Substantial setup costs
Substantial lab effort per sample
High level of low level bioinformatics support to integrate into alignment and assembly (e.g. mapping priors)

		Phasing by low concentration dilution		+		++		++		+				++		High		Med		Substantial development on unbiased amplification
Substantial bioinformatics support to identify and link fragments
Work with outside vendor (e.g. Moleculo)

		Phasing / RF binning at high concentration		+		+		+		+				++		High		Low		Substantial development on unbiased amplification
Substantial bioinformatics support to identify and link fragments



* Opportunity cost relative to using longer inserts to link larger structures and loss of overlap region for coverage
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Goals

Expanding Repeat Diseases (small, challenging, high value set)

— Characterize achievable performance with contemporary technologies (v3
chemistry & lobSTR)

— Develop custom sequencing libraries or methods as necessary
Difficult motifs (Homopolymers, STRs)

— Identify and develop challenge sets

— Develop methods to improve performance
SD/Compression

— Use library methods to reduce mapping and assembly degeneracy

— Use library methods to improve haplotype performance in degenerate regions
Phasing

— Link heterozygous loci across genes

— Develop target set (if necessary)
Improve performance on interpretable content

— Customized libraries and sample preparation methods

Personalis EX2075



BR&D Lab

Ghost Room

,_r/ PCR Room
' sonalis EX2075
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Sequencing Platform Performance Bench Mark

# 1: phix ® 2:amy

[F::]V o Insert Size Distribution (mean: 315.069, stdev: 65.114)
=1 R John’s analysis:
& R1 of 2x300:
| N Median # bases >= Q25: 258
Median # bases >= Q30: 243
Best read out of 2,500:
ol \:\‘ | 299 bases >= Q25
T T T T T T 295 bases >=Q30
o 0 200 400 600 800 1000
15 100 150 300 400 500 700 1500 [bp] \nsert Size . .
90th percentile:
Quality scores across all bases (Sanger / lllumina 1.9 encoding) Quality scores across all bases (Sanger / lllumina 1.9 encoding) 282 bases >= Q25
- 271 bases >= Q30
a
36
3 L
. I R2 of 2x300 :
ol AT
28
» Median # bases >= Q25: 202
24 AL Median # bases >= Q30: 187
22
20
18 Best read out of 2,500:
16 251 bases >= Q25
- 233 bases >=Q30
10 o .
¢ 90th percentile:
6
. 225 bases >= Q25
2 210 bases >= Q30
1234567 89 15-19 30-34 45-49 60-64 75-79 90-94 105-109 125-129  145-149 77 2 3 4 5 6 7 8 9 1519 25-29 35-39 45-49 60-69 B0-89 100-149  250-299
Position in read (bp) Position in read (bp)

2x150 2%300 Personalis EX2075



Current Status on 19 ExpandRepeat Diseases
---data from Amy ERX069505 (2x100)

Nan'’s Lobstr v1

shujun's eye

[Chr  [Start End Disease STR Period Refefence [AL=lote ICoverage ISupportlng Eenilicie All alleles Score STR Period RelCielce Allelotype |[note
icopy e reads reads copy
chrl |208440810 |208440838 AGC 3 b.3 3939 |t 1 o 39:1 1
o . |good coverage,

chr12 [7045879  [7045938 ([)De':;i:;)'”b'a' pallidoluysian atrophy 1, - 3 19.7 0,0 16 16 o 0:16 1 CAG/CAA 3 19 19,? could be only one
allele

chr12 |112036753 [112036823 [Spinocerebellar ataxia 2 (SCA2) hac 3 233 |oo o 8 1 -3:1/0:8 13610 [cTG 3 |23 22,23 'a‘ilislg misses one

chr13 [70713483 [70713517 ACT 3 113 6,12 B B o 6:1/12:1 1

chr13 [70713515 [70713561 [spinocerebellar ataxia 8 (SCAS) AGC B 15.3 0,0 1 1 o 0:1 1 cTG g 15 15,16 L‘TEE misses one
no cross over, lobstr

chr14 |92537354 [02537396 [Machado-Joseph disease (SCA3) AGC & 14 b730 |10 10 0 27:6/30:4 |1 cTG 3 s 14 e
hugeseq didn't call
long insertion well

chr16 |87637888 87637935 |Huntington disease-like 2 (HDL20) AGC 3 15.3 0,6 12 12 0 0:8/6:4 1 [TGC 3 14 14,16 agree with lobstr

chr19 [13318672 [13318712 [Spinocerebellar ataxia 6 (SCAG) AGC 3 13.3 6,3 16 16 o [6:12/3:4 | TG 3 13 11,12 agree with lobstr

chr19 [13318970 [13319016 AGG 3 15.3 6,0 5 5 o [6:3/0:2 1

chr19 [46273462 46273524 [Myotonic dytrophy 1 (DM1) AGC 3 b0.7 21,21 o o o 21:9 1 CAG B 20 13,5 'acilzslg misses one

chr3 |63898360 [63898392 |Spinocerebellar ataxia 7 (SCA7) AGC 3 10.7 0,6 10 10 0 0:5/6:5 1 CAG 3 10 10,12 agree with lobstr

chr3 |128891419 |128891502 |[Myotonic dytrophy 2 (DM2) IAGGC 4 20.8 -24,-24 |1 1 0 -24:1 1 CAGG 4 20 15,? disagree with lobstr

chr3 [128891538 [128891576 AC 2 19 6,18 o 3 1 6:6/14:1/18:2 |1

chr4 13076603 |3076667 |Huntington disease AGC 3 21.3 -9,-3 10 10 0 -9:5/-3:5 1 CAG 3 21 20,18 agree with lobstr

chra [3076665  [3076695 cca 3 10 0,9 11 11 o 0:4/9:7 1

chr5 146258290 |146258322 |Spinocerebellar ataxia 12 (SCA12) AGC 3 10.7 0,12 25 25 0 0:15/12:10 |1 GCT 3 10 10,14 agree with lobstr
|good coverage,

chro [71702832 [71702873 |Friedrich ataxia (FRDA) AAG 3 13.7 0,0 b6 b6 0 0:26 1 cTT/CTC 3 14 14,2 could be only one
allele

chrx [146993040 [146993079 Y 7.8 0,0 3 3 o o:9 1

chrx [146993554 [146993629 [Fragile-X site A (FRAXA) no call cGG 3 20 P :gvce'sgs:"er' poor

D
oVl

Lol
dallo LA

N7
Uro




Longer Read Length Increases the Possibility of Detection

T T
read el PRI e P(N>2,RL=|P(N>2,RL=
. . i frag frag P(N>2,RL=
Chr Disease Coord Gene region Description length allowance 150) 200)
or stable allowance |allowance for 200bp 100) at 30x| at 30x a2t 30x
for 100bp [for 150bp
Spinocerebellar ataxia 2 .
chri2 (SCA2) 12924 ATXN2 coding (CAG)n (stable 15-24) 72 25 75 125 0.9953 1.000 1.000
Dentatorubral-pallidoluysian | 12p13.3 .
chr12 atrophy (DRPLA) 1 DRPLA coding (CAG)n (stable 7-34) 102 5 45 95 NaN 1.0000 1.000
chr13 fg&’;‘gerebe”ar ataxia 8 1321 | ? UTR (CTG)n (stable 16-34) 102 | 45 95 NaN 1.0000 | 1.000
Machado-Joseph disease .
chr14 (SCA3) 14932.1| ATXN3 coding (CAG)n (stable 13-36) 108 -11 39 89 NaN 0.9999 1.000
. . . variably
chri6 (HH”S:'Z';ngn disease-like 2 16024.3| JPH3 spliced (CTG)n (stable 7-28) 84 13 63 113 0.9008 | 1.0000 | 1.000
exon
chr19 Myotonic dytrophy 1 (DM1) 19q13 DMPK 3'UTR (CTG)n (stable (5-37) 111 -14 36 86 NaN 0.9988 1.000
chr19 fé’c”:éc)ere"e"ar ataxia 6 19p13 EACNM coding (CAG)n (stable 4-17) 51 46 9% 146 1.000 | 1.0000 | 1.000
chr21 Myoclonic epilepsy 21g22.3| CSTB promotor (CCCCCGCCCCGCG)n (stable 2-3) 39 58 108 158 1.0000 1.0000 1.000
chr22 (Ss”c”lﬁ‘g‘;re“”ar ataxia 10 iqug"a ATXN10 | intron 9 (ATTCT)n (stable 10-20) 100 3 47 97 NaN 1.0000 | 1.000
chr3 Myotonic dytrophy 2 (DM2) 3g21.3 ZNF9 intron 1 (CCTG)n (stable 10-26) 104 -7 43 93 NaN 1.0000 1.000
chr3 (ssf’c”/lc;c)erEbe”ar ataxia 7 3p14.1 | ATXN7 | coding (CAG)n (stable 4-35) 105 -8 42 92 NaN 1.0000 | 1.000
chrd Huntington disease 4p16.3 HD (HTT)| coding (CAG)n (stable 6-34) 102 -5 45 95 NaN 0.9999 1.000
chrs (ss”c”;\icz‘;rem”ar ataxia 12 5032 PPP2R2B| promotor | (CAG)n (stable7-45) 135 38 12 62 NaN 0.8743 | 1.000
chré (Sspc'r/l‘i‘;erebe"ar ataxia 1 6p23 ATXN1 | coding (CAG)n (stable 6-38) 114 17 33 83 NaN 0.9995 | 1.000
chré (Ssp(l:r);(;gt;rebellar ataxia 17 6927 TBP coding (CAG)n (stable 24-42) 126 29 21 71 NaN 0.9866 | 1.000
chr9 Friedrich ataxia (FRDA) 9q13 FXN intron 1 (GAA)N (stable 6-32) 96 1 51 101 0.0369 1.0000 1.000
chrX Fragile-X site A (FRAXA) Xq27.3 FMR1 5'UTR (CGG)n (stable 6-54) 162 -65 -15 45 NaN NaN 1.000
chrX Fragile X site E (FRAXE) Xq28 FMR2 5'UTR (CCG)n (stable 4-39) 117 -20 30 80 NaN 0.9988 1.000
chrX Kennedy disease Xql2 AR coding (CAG)n (stable 9-35) 105 -8 42 92 NaN 1.0000 1.000

*: Minimal 3bp fla

Still need to inc/udyégﬁgm ale EX2 O 75
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7,045,900 bp

7,045,590 bp
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125,591,420 bp 128,891,440 bp 125,591,460 bp 125,591,450 bp 125,591,500 bp 128,591,520 bplZ‘
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ACAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGAAAS GCAGACAGGCAGCCAGGCAGGCAGGCAGGCAGGCAGACAGACAGACAGACA d

ATGAGACAGACAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGACAGGCAG !
i
GTGAGACAGACAGGCAGGCAGGCAGGCAGGCAGGCAGG CAAACAGGCAIGCTTGGCAGGCAGGCAGGTATGCAY
i
i

AGTGAGACAGACAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGACAGGCAGACAGGCAGCCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGACAGACAGACAGACAGACAG
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GLAAGAGCAACAAAGA ECAEEAECAEEAECAEEAEEREEAECAAEAEERAEREEHECAECAEERGERECAECAEEREEAECAECREEAECREEAECAGEAECREEAEERAEAEGEA AL
GLAAGAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGTC ECAAEAEERA———ﬁmECAEEAEERGERECAECAEERGEAECAECREERECAEEAECAEEAECREEAEERAEAEGEAETEECAE
GLAAGAGCAACAAAGGCAGCAGCAGCAACAACAACAGCAGCAGCAGCAGCAGCAGCAGLC kaGEAECREEAEERGEAGCRGCAEERGEAGCRECAGERGEAGCAECAER AGGCAGTGGCAG
GLAAGAGCAACAANGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAG CAGEAAEREkMACAEEAEEAGERECAGEAG GCAGCAGCAGCAGCAGCAGCAGCAGCAGCANCAGGCAGTGLCAG
GLANGAGCAACAANGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCD G cnucnncnukmncnucn GCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCGGCAACAGGCAGTGLCAG
GLGAAGAGCAACAAANGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAGCAGCAACA 1mE(nE(nE[nEERE(AE(nﬂ(nﬁ[nﬁ(nE(RE(nE(AE[nﬁ(nE(RE(AE[REERR(AEE(AETEE(RE
GAAGAEEAREnnnGGEAEEAGERGERR[AREAAEAGEAGEAG[AEEREEAGEAGEAGEAEEAAEAGEnnkmﬁtuEEAEEAGERG[AGERGEAG[AGEAGEAE CAGCAGCAGCAGCAGCAACAGGCAGTGLCAG
GLGAAGAGCAACAAAGLGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAKG cnutnncnukmncuucnutnucn AGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCANCAGGECAGTGGCAG
GLGAAGAGCAACAAAGLGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAKG EAG[AAERGNMREAEEAEEAG GCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGGCAGTGLCAG
GLGAAGAGCAACAAAGLCAGCAG TERGERGEAGCAEEAE[AGERGEAG[AAERGEnnEnﬁkmGEAEEnEERGERGCAGEAEEAGERGEAG[AEERGEAGERGEAGE AGCAACAGGCAGTGGLGCAG
GLAAGAACARAAD GCAG RGEAGCAGEAEEAEERGEAGEAGEAEEAAEnﬁ[nnkhﬁtuEEREEAGERGEAGEAGERGEAG[AGEAEEAGERGERGEAGCAEEAE[AGERAEAGGEAGTA
GGAAGAEERAERRAGGERGEAG[AGERAEARERAERGEAGCAGEAEEAEERGEAGEAGEAEEAAERGERRINGEAEEREEAGERGEAG[AGERGEAG CCAGCAGCAGCAGCAGCAGCAGCANACAGGECAGTGLGGCAG
GAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAGCAGCAACA EnntmﬁtuEEAE[AGERGEAG[AGEAGEAGEAGEAE[AG GCAGCAGCAGCAGCAACAGGECAGTGGCAG
GAAGAGCAACAAATGAAGCAGCAGCANCAACANCAG GEAEEAEERGEAGEAGEAAEAGERAERGtmﬁtuEEREEAGERGEAG[AGERGEAG[AGEAEEAG AGCAGCAGCAGCAACAGGECAGTGGCAG
GLAAGAGCAACAAAGLGCAGCAGCAGCAACAACAACAGCAGCAGCAGCAGECAG
GLAAGAGCAACAAAGGCAGCAGCAGCAACAACAACAGCAGC REEAEERGEAECAACAEERAEREEHECAECAEERGERECAECAEEAEEAEEAECREEAECREEAECAGEAECREEAEERAEAEEE 6|=
RAERRAEGEAECREEAEERREARCRACAEEREEAECRECAEEAEEREEAECAEEAAEREERREHECAEEAEEREERECAEEAECRGEAECAECREETECA AGCAGCAGCAGCAACAGGCAGTGOLCAG
GLAAGAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCAD GCAGCAGCAACAGCA ———ﬁm&tuEEAEEREERECAGEAECRGEAECAECAECRECAEEAECAEEAECAEEAEERAEAEEEAETEE
GLAAGAGCAACAAAGGCAGCAGCAGCAACAACAACAGCAGCAGCAGCAGCAGCAGCAG CAEERAERGEHRCAECAEER AGCALCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGGCAGTGGC
GLAAGAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCDA AEEAGEAECRGEAACAGEAAERkaGEAECAEEAEERGEAECAEEAEEAGEAGCRECAGEAGEAGCAECAEE CAGTGGCAG
GLANGAGCAACAAANGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAGCAGC AR 1! ACCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCNGCAGECAGCAACAGGCAGTGGCNG
CAMAGGCAGCAGCAGCANCAACANCAGCAGCAGCG GcnucnucnncnucnncnukmucnucnGcnucnucnucnucnucnucnucnucnucnucnucnucnucnucnucnncnuucn
GGANGAGCAACAANGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGLC TnE[nn[nEkmE(RE(nﬂ[nﬁ[nEtnﬁtnﬂtnﬁtnﬁtnﬁtnﬁtnE(nﬁ[nﬁ(nﬁ(nﬁ(nﬂ[nn AGTGGCAG
GLoAAGAGCAACARAAGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGLC EAG[AAERGkhﬁ[uﬁtnEEAGERGEAGEAGERGEAG[AGEAEEAGEAGE CCAGCAGCAACAGGLGCAGTGLGGLCA
GLGAAGAGCAACAAAGLGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAG 1! AGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGGECAGTGLGLCAG
GLGAAGAGLC AGGCAGCAGCAGCARACANCAACACTC GEAG[AEEREEAGERGERGEAECAAEAGEnnkmGEAEEAEERGERG[AGERGEAGERGEAGEAECAGEAG[AGE AGCAGCAACAGGCAGTGLGGLCAG
GLGAAGAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAC 1! ACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCANCAGGECAGTGLGGCAG
GLGAAGAGCAACAAAGLECAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAKG EAGERRERGINAEAEEAE[AGERGEGGE AGCAGCAGCAGCAGCAGCAGCAGCAGCAGCANCAGGECAGTGGCAG
GLGAAGAGCAACAAAGGCAGC  GCAGCAACANCAACAGCAGCAGCAGCAGCDA ]! GCAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGGECAGTGGCAG
AGGEAGERGEAGERREAREAACAGEAG[AGEAEEAE[AGERGEAG[AEEAAEAGEnntmGEAECAEEAGERGEAGEAEEAGERGEAG[AEEAGEAGEAGE GCAGCAACAGGCAGTGLCAG
GLAAGAGCAACAAAGLGECAGCAGCAGCAACAACAACAGCAGCAGCAGCAGECAGLCALLCDA 1! CAGLGCAGCAGCAGCAGCAACAGLGCAGTGLGLCACG
REECREEAEERGERRCRRCAAERGEAECAECREEREEAEEAECAEEAECRAEAEEnnkmGEAECREEAEERGEAECRECAEERECAECRECAEEAEEREE GCAGCAACAGGCAGTGGLCAGG
GLGAn GEAECRGEARERRCRRCRECAEEAECAEEAECAEEAEEREEAECAAEAEERAEREEHECAECAEERGERECAECAEERGEAECAECREEAEC GCAGCAGCAGCAACAGGCAGTGGLGCA G|
GLAAGAGCAACAAAGGCAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAGCAGCAACA 1! GALCCAGCAGCAACAGGCAGTGGCAG
GLAAGAGCAAN CRECAEERAERRCRRCAEEAEEREEAECREEAEEREEAECRGEAACREEARERkaGEAECREEAEERECAEERECAEEAECAEEAECAEEAEEREEAEC GCAACAGGCAGTGLGGLGCAG
GLAAGAGCAACAAAGGCLCG RGEAECAGEAECREEAEERGEAGCAACAEERAERGEHGCAECAEEAEERGEAECAEEAEERGEAECREEAGCRGEAECAGCAECREEAGEAT AGTGGCAG
GLAAGAGCAACAAANGGLCA D GCAGCAGCAGCAGCAGCAGCAGCAACAGLC D ERE&MECAEEAEEAGERECAGEAGCAGEAECAGEAECAGCAGEAGCAGEAEC
GLANGAGCAACAANGGCAGCAG nnucnucnucnucnucnucnucnncnucnncnukmucn
nE(AE[nnEnn(nntnﬁtnﬁtnﬁtnﬁtnﬁtnﬂ[nﬁ[nﬁ(nE(nn(nﬁ[nnEREkmE(RE(nE[AE[REtnﬁtnﬂtnﬁtnﬁtnﬁtnﬁtnE(nﬁ[nﬁ(nﬁ(n
GLoAAGAGCAACARAAGGCAGCAGCAGCAACARNCAACAGCAGCAGCAGCAGCAGCAGCAGCAGCAACA 1
GLGAAGAGCAACAAAGLECAGCAGCAGCAACANCAACAGCAGCAGCAGCAGCAGCAGCAG ERGEARERGT
GLAGAG GCAGCAGCAACAACARLCAGCAGCAGCAGCAGCAGCAGA 1
RGEnnERREAREAGERGEAG[AGEAEEAEERGERGEAGCAAEAG[AAERkaG[AEEREEAGERGEAGEAGERGERGEAGCAEEAG[AGERGEAG[AEERT
EAG[AEEREEAGEAGEAGEAAERGERREnﬁtmGEAEEAEERGERG[AGERGEAG[AGEAGEAEEnGERGEAGCAGEAEEAEERGEAREAGGCAGTGEEAE
AEEAEERGEAGEAGEAAEAG[AAERGING[AEEAEEAGERGEAGEAGERGEAG[AGEAEEAGEAGEAGEAGEAEEREEAGERA
EEAEERGERGEAGCAAEAG[AAERGtmG[AEEREEAGERGEAGEAGERGERGEAGCREEAG
EAGEAGEAA[AGERAERGFPGEAEEAEE GCAGCAGCAGCAGCAGCAGCAGCAGCAGCAG
|
|
|
|
|
|
|
|
|

Ie 4]

GGAAGAGCAACAAAGGCAGCAGCAGCANCAACARCAGCAGCAGCAGCAGEAGCAGCAGCAACAGCAACAGCAGCAGCAGCAGCAGCRGCAGCAGECAGCAGCAGCAGEAGCAGCAGCAGEAGCAGCANCAGGCAGTGGLCNG
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Conclusions

Newer chemistry appears to be able to read through most of these
repeats (unlike older chemistry). The problem is getting enough sampling
of spanning reads since these regions are approaching current read
lengths.

With 150bp or 200bp, we should be able to detect stable alleles for all the
disease regions from one end to the other end.

FMR1 is so far the most problematic one, with poor coverage (mostly
truncated reads).

Exploring MiSeq long reads but this will only be commercially feasible if
we can make a targeted long-read library or perform on whole genome
with longer HiSeq reads.
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HTT(Huntington) PCR

Primer 2 Primer 1

ATGGCGACCCTGGAAAAGCTGATGAAGGCCTTCGAGTCCCTCAAGTCCTTCCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAG
CAGCAGCAGCAACAGCCGCCACCGCCGLCGLLGLCGLCCGCCGCCTCCTCAGCTTCCTCAGCCGCCGCCGCAGGCACAGCCGLTGLTGLCTCAGLCCGC
AGCCGCCCCCGCCGLCCGLCCCCCGLCLCGLCCACCCGGLLCGEGLTGTGGLCTGAGGAGC

p-55
1
I
I
l | 60
15 | Primerl ﬂ
404 H
w[ taq Primer2
| ‘ 30 t
| | aq
- ———— A e e \ i 1
\ L K
o e A3 j
15 50 100 lfﬁ 200 300 400 500 700 1000 1500
15 50 100 150 200 300 400 500 700 1000 1500 [bp]
[FU] hf-60-nc.
80
70
60-
50 Pr. mer]_ [F{LQ hf-55-nc.
| ol .
“ phu-hf Primer2
30 u_ T
f ﬂ ﬁ » Phu-hf-gc
20 \ 607
| | .
0 J ] }‘ 50
, :
G /‘v’”\ J ﬂ\_/\\ ! } t& N ‘
10-
15 50 100 150 200 300 400 500 700 1000 1500 [bp] 2y
104
i o siscan o &scerims wione N =
70- 15 50 100 150 200 300 400 500 700 1000 1500 [bp]
60-
50- .
Primerl
40
Phu-gc

2 ‘
[

‘:m_u! LNMJIL. mw,}\lw&\ Jo /J\‘ W
i Personalis EX2075




FMR1 (fragile X) PCR

GCGGGCCGGGGGTTCGGCCTCAGTCAGGCGCTCAGCTCCGTTTCGGTTTCACTTCCGGTGGAGGGCCGCCTCTGAGCGGGCGGLCGGGCCGACGGL
GAGCGCGGGCGGCGGCGGTGACGGAGGCGCCGLCTGCCAGGGGGLGTGCGGCAGLCGLGGLGGLGGLGGLGGLGGLGGLGGLGGLGGAGGLGA
CGGCGGCGGLCGGLGGLGGLGGLCGGLCTGGGCLCTCGAGCGCCCGCAGCCCACCTCTCGGGGGCGGGLTCCCGGCGCTAGCAGGGCTGAAGAGAAGA
TGGAGGAGCTGGTGGTGGAAGTGCGGGGCTCCAATGGCGCTTTCTACAAGGTACTTGGCTCTAGGGCAGGCCCCATCTTCGCCCTTCCTTCCCTCCCT

1T

Red and underlined primers failed in both Taq and Phusion, will try blue primer with betaine.
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Difficult Motifs

CTTAAAAAAAAAAAATCCAGC
CGAGAATTTTTTTTTTTTAGG

CTTAAAAAAAAAAAAAAAAAAAAAATCCAGC
CGAGAATTTTTTTTTTTTTTTTTTTTTTAGG

CTTGGGGGGGGGEGGEGTCCAGC
CGAGAACCCCCCCCCCCCAGG

TGGTTAAGCAACACAGAAGGGT CTTAAAAAAAAAAAATCCT AACTAGGCATATGTGCATCTGGAGC
CGAACCAATTCGTTGTGTCTTC CCAGAATTTTTTTTTTTTAGGATTG ATCCGTATACACGTAGACC

TGGTTAAGCAACACAGAAGGGT CTTAAAAAAAAAAAAAAAAAAAAAATCCT AACTAGGCATATGTGCATCTGGAGC
CGAACCAATTCGTTGTGTCTTC CCAGAATTTTTTTTTTTTTTTTTTTTTTAGGATTG ATCCGTATACACGTAGACC

TGGTTAAGCAACACAGAAGGGT CTTGGGGGGGGEGEGEGEGETCCT AACTAGGCATATGTGCATCTGGAGC
CGAACCAATTCGTTGTGTCTTC CCAGAACCCCCCCCCCCCAGGATTG ATCCGTATACACGTAGACC

CTTACACACACACACACACACACACACACACACA CACACACACACACACACACACACACACACATCCAGC
CGAGAATGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG TGTGTGTGTGTGTGTGTGTGTGTGTGTAGG

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCG
GTTCGTCTTCTGCCGTATGCTCTAGCaaagtgCACTGACCTCAAGTCTGCACACGAGAAGGCTAG
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Long Range Haplotyping using Dilution and
Amplification
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Why haplotype — do we need to identify
case |l vs case lI?

Case I: Single copy of
Gene carries “risk” alleles

ACGTCTGATG ACATCTGAAG
Chromosome copy Chromosome copy
from mother from father
Standard Haplotype
Sequencing Phasing
G T ACGTCTGATG
ACATCTGA
CATCTGRAS ACATCTGAAG
On one copy?? Phasing resolves
On both copies?? ambiguity

Case II: Both copies of
Gene carry “risk” alleles

ACATCTGATG ACGTCTGAAG
Chromosome copy Chromosome copy
from mother from father
Standard Haplotype
Sequencing Phasing
ACATCTGATG
ACZTCTGATG ACGTCTGAAG
On one copy?? Phasing resolves
On both copies?? ambiguity
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Incidence of Multi-SNP Genes

NA12878 A/B Nonsynonymous SNPs:

— 1,024 RefSeq Genes

— 232 Mendelian Tier 1 Genes

— 834 Mendelian Tier 2 Genes

— 9 PharmGKB VIP Genes
PharmGKB — 14 Genes, 27 Transcripts
Regulomel - 6,077 Genes, 9,253 Transcripts
Regulome?2 - 19,292 Genes, 26,439 Transcripts
Varimed — 21 Genes, 35 Transcripts

Includes Alt/Alt but shouldn’t
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Potential methods for phasing/haplotyping

Statistical imputation and phasing
— Population-based linkage disequilibrium and pedigree analysis
— Former unlikely to be accepted by researchers / FDA
— Later unlikely to be commercially viable

Sequencing of large insert fosmid clone pools
— Very labor intensive

Somatic cell hybrid construction to convert a diploid cell into haploid cell lines
— Very labor intensive

Isolation of individual chromosomes through chromosome microdissection or
microfluidic devices

— Requires high level expertise

Very long reads — e.g. ONT
— Accuracy and cost are big factors

Read pairs
— Inefficient unless the read length increases drastically (while not compromising error)
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High concentration/Low concentration dilution

High concentration dilution:
— ~1x coverage of genome per reaction

— Select haplotype within defined RE fragments reducing likelihood of mislinking separate
fragments

— Require smaller number of libraries (~10) to sample entire genome

Low Concentration dilution:
— ~0.1x coverage of genome per reaction

— Likely to have SD/compression regions in different reactions allowing for separate
alignment or assembly

— Requires larger numbers of libraries (~100) to cover genome
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Restriction Fragment Libraries (Mark to edit)

Restriction A libraries Restriction B libraries

v vy ¥ v ¥ v oy

g A S 3
b v ] P

Linked Segments

Single Haplotype: \/ Personalis EX2075




Concentration and library multiplicity to achieve

7 =0.200, 99" percentile: 22 libraries

1
||I|
15

3= 0.370, 99" percentile: 15 libraries

15
IIII.--__
10 15

3=0.683, 99" percentile: 12 libraries
1F : . —

0.5

5 10

0.5}

0
5

0.5

h.
10

5 15

3= 1.262, 99" percentile: 15 libraries
1

10 15

5

99% fragment phasing

»=0.233, 99" percentile; 20 libraries
1 . . -

Illll
15

5 10

= 0.431, 99" percentile: 13 libraries

5 10 15

1=0.272, 99" percentile: 18 libraries

1
IIII..-
10 15

7= 0.502, 99" percentile: 12 libraries
1F . .

0.5

0

5 10 15

3=0.928, 99" percentile: 12 libraries
1F : . —

III.-____
10 15

3= 1.715, 99" percentile: 23 libraries

1F
15

5 10

»=0.317, 99" percentile; 16 libraries

1
IIIII-__
10 15

}=0.586, 99" percentile: 12 libraries
10 . :

5 10 15

»=1.082, 98" percentile: 14 libraries
1 - ) —

0.5

Illl--___
10

15

}=2.000, 99" percentile: 25 libraries
1

At concentrations 0.5-1.0x “coverage” it will take approximately 12 libraries to see 99% of
fragments in a single molecule situation.
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Proposed high concentration Phasing Sample
Preparation

—_—
]
Genomic
DNA
Extract long fragment, whole genome DNA \l—/
Process 2 aliquots using restriction enzyme A and B to fragment. ‘l/ ‘1’
Further aliquot into ~12 libraries, each with a target density such that Restriction Restriction
each fragment is represented at ~1x-fold enzyme digest A enzyme digest B
Prepare sequencing libraries (amplify, fragment, index) \” \”
5. Pool all libraries and pullout exome
) o A Frags B Frags
Sequence at ~5-10x per library, 100-200x net (ensure sensitivity for
zygosity detection) N4 v
. T Aliquot ~1x Aliquot ~1x
Process with normal exome pipeline
samples samples
Custom post-process to determine phasing ‘l’ \1/
a. Identify restriction spans with strong evidence of single haplotype
segments (requires modest sensitivity at several heterozygous
sites) - -
b. Link alleles on identified single haplotype segments \I/ \l/
c. Link haplotype restriction spans using alternating (A,B) restriction Amplify, Amplify,
fragment, index fragment, index
spans —
]
S Pooled |¢
C o . . -
Restriction cutting produces fixed endpoints to fragments and allows for much _ Libraries
higher concentration and therefore fewer libraries because this method is much \”

less likely to inadvertantly link copies by chance.
Exome pullout

Vv
Sequence >100x
& Procegs -
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Proposed Proof of concept:

 ~1Mb Duchenne Muscular Dystrophy (DMD) region on X
chromosome

— Two male Coriell DNAs (NA18507 + HG10377) were first sequenced to
identify true haplotypes. Samples are mixed to simulate a diploid “XX”
genome then sequenced to identify SNPs and sequenced using the
dilution-amplification method

e 4.6Mb Human Leukocyte Antigen (HLA, Chr6) region

— Genomic DNA from COX and PGF cell lines, both of which are
homozygous across the HLA locus due to identity-by-descent, mixed at
1:1 ratio to simulate a heterozygous HLA locus and sequenced using the
dilution-amplification method

* Amy

— Locate Broad, Yale, OpGen results for comparison
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Data from CGI (Low concentration)

Starting material: 10-20 cells worth of DNA -- isolate long DNA 50-500kb DNA
384 dilutions
— only 10% of the genome should be represented in each aliquot
— ~30 diluted DNA copies — probably >150X sequencing
Haplotyped 91~97% of heterozygote SNPs
1 in 10 MB error (by filtering on haplotype)
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Cost

High concentration direct sequencing: $9,200
Library: $50 (cost/library) x 12 (dilution) x 2 (enzyme) 51,200
Sequencing (HiSeq) 58,000

High concentration exome pull-down sequencing: $3,300
Library: S50 (cost/library) x 12 (dilution) x 2 (enzyme) + $100 (pull down) 51,300
Sequencing (MiSeq) 52,000

Low concentration direct sequencing $12,800
Library: S50 (cost/library) x 96 (dilution) 54,800
Sequencing (HiSeq) 58,000

Low concentration exome pull-down sequencing $6,900
Library: S50 (cost/library) x 96 (dilution) + $100 (pull down) 54,900
Sequencing (MiSeq) 52,000
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Potential Risks

Currently the MDA amplification step appears to have
extreme biases

Haplotype switching errors

Requires substantial bioinformatics support
— assign zygosity by bin and library

— link phased segments

— develop output format, etc.
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RFLP-Seq

Shujun Luo
Mark Pratt
John West
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Goal

* To resolve SD by physically separating DNA fragments,
assuming each copy of the SD falls into different bins (by
length of restriction enzyme digested fragments).
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Example---3 copies of Amylase

=cale 56 kbl | haig
chrlt | 104,208, 088] 104,218,080 104,220, 80| 184,230, 80a| 184,240, 008] 184,250, 008| 104,260,000 1od,270, 000 104,250, 00| 104,290, 000] 194,300, 08a] 104,310, 80a] 104,320, 000] 104,338, ona| 104,348, 0a0|
Uniguehiess of S5hp Windouws from ENCDDEIDpenChrom(Duke
L L Gl il Babo i L I AT S T Y Ll L
Restriction Enzumes from REEASE
Swal | Swal | Swal | Swal| Swal Swal| Swal| Swall Swal |
2ual | Swal | Swal | Swal | Swal| Swall
Swal |
Fefieq Genes
AMT1A AMT1A AMT1A
AT 1A AMTLA AMTLA
AMTIC AMTLE AMTLC
AMTIE AMT1iC AMT1E
Eepeating Elements by RepeatMasker
RepeatMas ker D | ([ |IN | D DNURAY N N D) N WD S NN I N

Scale kb | | hatg
chri: 184,156, 8008] 164,190, 0008] 104,200, 600] 164,210, 000] 104,220, 608 164,238, aeal 104,240, 000] 164,250, 008] 164,268, a0l 104,270, aaa| 104 esa aaol 1o4,230,008] 104,300, 000] 104,310, 008] 104,326, 06l 104,330, 0a0|
| M L N igueEness OF 35bp Windous from ENCUDE/EW@HDHF‘OM(D -
e e i " - - T
Restrictioh EnIumes from REBRIE
Facl | Facl | FacI| Fac | Pact | Facl | Facl | Facl | Facl |
Facl | FacI |
Facl | Facl |
Facl | Facl |
Facl | Facl |
Facl | Facl |
RefSeq Genes
AMYLA -t
[Tt 5 i e e 4 -t
ARTLC b At
A8 Hi 4HtH-HH
Fepeat ing Element: peatiasker
rRepeatmasker I (1N | I T LN | - — TETN - W] \_IIIIII-I IIIIII \I\IIII | L/l [RSTEe A W

Pacl

44105 bp 31780 bp

31637 bp
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;;;;;

| | 4,239, 006 | 76, 000| 164,230 | | | |
= From ENCODE /O (Dulke )
bl 5 —
YT o REEH
aaaaa | BanHI BanHI | BanHI | BanHI |
BBBBB | BanHI | BanHI |
eeeeeeeeeee
H-H ettt HEHHE
ﬁﬁﬁﬁﬁ HHHH FefeedbdHe Lo 5
HHHHH HEH FeftedtdHa Lo 5 e
HHHHH HEHE ettt HEHER
Repeat ing Elements by RepeatMasker
EEEEEEEEEEEE NIND N | (/DN | N | ID MDD | B0 S N 000N 00| AN | [N B | ] NN 0D 0 @R 0 RN .

Of the 3 enzymes showing here, BamHlI is best at distinguishing the 3 copies;

Swal is ok if size selection is controlled very well; Pacl can’t distinguish rep2 and
rep3.

It would need combination of different enzymes to capture different SD, and still
it is possible there some SDs can’t be distinguished with the chosen enzymes.
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CHEF Mapper

h

Close
PFGE Standards Selection Guide [Close ]
£ K
2200k
12600
38.4 5.7 MD
35 313 Mb
- s 48
[+
14.7 kb e 825
104 oo 27 s
a8 15.0 B8 235
10,0 §t0 .
1455 kb 450 147
ar wa -
a6 5 265 106
a8 225
5 kb Lackier 846 ki Ladder Lamida Ladder 5. corgvings H, wingel 5. pomba
Cheomaosomal DA Chromesomal DNA Chromasomal DA
Comparison of Pulsed Field Standards
Range Contents Amount Hum!:-er of
Applications
5 kb ladder 4.89-120 kb Concatemers of pBR328 20 pgin 200yl 20-25
B—4B kb ladder B8.3-4B8.5kb Mixed digest of phage A 25pgin 125w 125
LambdalA) 5 agarcse
ladder 0.05-1 Mb  Concatemers of phage AclB57SamT blocks 25-40
L. 0.225-2.2 Saccharomyces cerevisize chromosomal 5 agarcse
S. 25-40
COMBVISEE DNA blocks
H. wingei 1-31Mb  Hansenuls wingsi chromosomal DNA Emm“ 25-40
s 3557 Mb g::thnsacmammycﬂs pombe chromosomal isﬂg:;nse 35 4D
Personal
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Project Planning

# Total Libraries = # section x # enzyme

248

848 kb Laoder Personalis EX2075




Cost

CHEF Mapper System $30,000
Direct sequencing $10,160~13,760
Library: $60 (cost/library) x 12 (gel sections) x 3~8 (enzyme) $2160~5760
Sequencing (HiSeq) 58,000
exome pull-down sequencing: $4260~7860
Library: $60 (cost/library) x 12 (gel sections) x 3~8 (enzyme) + $100 (pull down) $2260~5860
Sequencing (MiSeq) 52,000
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Potential Risks

Need large amount of starting material.
Difficult to scale up.

Useful for refining reference, however hard to apply to
individual genome.

Some SD may not be distinguished with the chosen enzymes.
Requires significant bioinformatics support

— Implement bin assignment prior probabilities in alignment or assembly
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Summary of Lab Based Accuracy Options

Random Mapping SD & UNERD . Cost Cost
Error Error CMP v wynTR” | PP2SIN8 | (pep) | (prog) | Development Effort
* Experiment with long reads on MiSeq
. *  Wait for ILMN to produce HiSeq kits
Long Paired Reads *  Modest sample prep development for
Improving mapping appropriate library sizing
and phasing by using s i u it i Low 0 * Modest bioinformatics support for
longer paired reads improved longer read alignments
* High level of bioinformatics support to
leverage for SD, compressions and SVs.
Fused Reads +  Modest sample prep development for
Improving mapping * appropriate sizing
and phasing by using + + + B Low Low * Modest bioinformatics support for longer
longer reads single fragment alignment
RFLP binning . Substantial setup costs
Resolve lond ranae * Substantial lab effort per sample
i d grang . ++ +++ + High High * High level of low level bioinformatics
map.plng. egenerac:es support to integrate into alignment and
by size binning RE frags assembly (e.g. mapping priors)
* Substantial development on unbiased
. amplification
Phasing bY Iow-l . + ++ ++ + ++ High Med | « Substantial bioinformatics support to
concentration dilution identify and link fragments
*  Work with outside vendor (e.g. Moleculo)
* Substantial development on unbiased
Phasing / RF binnin . amplification
g/ g + + + + ++ High | Low P

at high concentration

* Substantial bioinformatics support to
identify and link fragments

Personalis EX2075

* Opportunity cost relative to using longer inserts to link larger structures and loss of overlap region for coverage
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