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Abstract
Current molecular biology methods of DNA assembly are prone to sequence errors. This requires rigorous quality control (QC) to identify incorrectly assembled or synthesised constructs. These errors can lead to the misinterpretation of phenotypes. Because of this intrinsic problem, routine QC analysis is generally performed on three or more clones using a combination of restriction endonuclease assays, colony PCR, and Sanger sequencing. However, with new automation methods enabling high-throughput assembly, QC has become a major bottleneck. Although Next-Generation Sequencing (NGS) technologies have increased the throughput and decreased the cost of sequencing whole genomes, Sanger sequencing is still routinely used for relatively small 5-50 kb synthetic construct. Despite the low cost per bp of NGS, library preparation and sample-multiplexing are a significant hurdle for projects that require large numbers of clones to be sequenced.
To overcome this issue, we have developed a quick and affordable methodology for the QC of synthetic constructs: a one-pot digestion-ligation DNA assembly based on the Golden Gate methodology coupled with Pacific Bioscience Single Molecule Real Time (PacBio SMRT) sequencing.

In summary, this report describes a new sequencing protocol for a quick and cost-effective screening of multipart synthetic constructs. It uses the Golden Gate assembly method to build barcoded libraries and the long-read sequencing capability of Pacific Bioscience RSII sequencing platform.


[bookmark: _gjdgxs][bookmark: _ujae3gs7efhd]Introduction
Synthetic biology is an interdisciplinary field that applies engineering principles to biology to build and optimise biological systems for new purposes using design-build-test cycles. Synthetic biology is a relatively new field with the potential to have a major impact on a large number of key application areas such as healthcare (1), agriculture, biofuels (2), novel materials (3), fine chemical production (4), bio-remediation (5) and clean water (6). A key component of synthetic biology is the ability to assemble and re-use biological parts. A powerful approach to part assembly has been Golden Gate Cloning (7, 8), which uses type IIS restriction enzymes and T4 ligase to assemble multiple parts in a single tube. A modular and hierarchical cloning system, MoClo, was developed (9). The system combines the concept of basic functional parts and Golden Gate technology and allows the rapid assembly of complex constructs built up from basic parts. Fundamental to this strategy is that the parts and final constructs are sequenced to ensure that they are correctly ordered and have been synthesised with high fidelity. 
 
Alongside this parts-based approach, another underpinning technology of synthetic biology is the application of high-throughput automation. Automated fabrication and testing allow reaction miniaturisation, removing human error and increasing the speed and scale of experimentation (10). However, the scale of production of DNA assembly now creates another bottleneck: the QC of the final products. Routinely, Sanger Sequencing is used to perform quality control of the assembled constructs. Three or more positive clones are screened using a combination of colony PCR and restriction endonuclease assays to verify the correct size of the assembled constructs and subsequently submitted to Sanger sequencing to confirm that the parts were assembled correctly. The average length of Sanger reads is 800 bp hence, constructs larger than 1.5 kb must go through several rounds of sequencing using bespoke primers to be able to achieve coverage across the full length of the construct. This is an expensive, time-consuming and difficult to automate approach. Here we describe a methodology (SMRT Gate) that takes advantage of the long read technology offered by the Pacific Bioscience (PacBio) RSII sequencing platform (Pacific Bioscience, Menlo Park, California) (11) in combination with a type IIS restriction enzyme-based cloning system to rapidly attach sequencing barcodes and adapters. This generates a barcoded library of SMRTbells suitable for sequencing. We have used this methodology to sequence forty-one synthetic constructs (insert size ranging 1.3-7.7 Kb), built using the MoClo Assembly Standard (9). The method provides a simple, cheap, fast and robust alternative to sanger sequencing for the quality control of constructs (Estimated cost and time required for alternative methods, Supplementary Table S1).
[bookmark: _3bnmyxqf1jmh]Results and Discussion
[bookmark: _vhnzwmudfkrt] SMRT Gate library 

PacBio long read sequencing captures sequence information during the replication process of the target DNA molecule. The template, called a SMRTbell, is a closed, single-stranded circular of DNA that is created by ligating hairpin adaptors to both ends of target double-stranded linear DNA (12).
PacBio protocols exist to build SMRTbell libraries with insert sizes ranging from 500bp to greater than 20kb. Although barcoding methods do exist, these are time-consuming and involve multiple steps. The template has to be provided as fragments, repaired and ligated to barcoded SMRTbells to allow multiplexing. The cost of a library preparation using such procedure can be more than $300 per reaction. This represents a limiting factor and a constraint in using PacBio sequencing for synthetic construct quality control.
To streamline the library construction and multiplexing, we designed a sequencing strategy (SMRT Gate) based on Golden Gate MoClo (9). The Golden Gate Cloning method allows basic genetic elements to be made into standardised DNA parts by cloning into a plasmid vector (Level 0). Subsequently, these standard parts are assembled together in a single step building transcriptional units (in Level 1 plasmid vectors), which have defined fusion sites and positions for further assembly. Level 1 transcriptional units can be assembled up to six at a time in the next assembly levels (Level 2 or M). All MoClo assemblies are free of internal recognition sequences for BbsI (BpiI) and BsaI, which flank the parts and are used for iterative assembly. 

In our method, we used the Level 1 constructs’ unique fusion sites, generated after the cleavage with BbsI (BpiI), to design the SMRTbell adapters (Figure 1).  Forty-one Level 1 synthetic constructs were pooled into three groups based on their fusion sites (Table 1). The three pools were processed individually using either barcoded SMRT Gate bells (Supplementary material, Table S2), BbsI (BpiI) and T4 DNA ligase or the SMRT bells with the standard multi-step library protocol, to generate three barcoded SMRTbell libraries for PacBio sequencing for each method.
 
The libraries were analysed using a TapeStation to assess the size of the fragments and yield. The fragments profile for both methods was comparable but the SMRT Gate libraries had a lower yield (50 ng) compared to the standard library (80 ng). Prior to going through the SMRT GATE protocol, the libraries showed a single peak (Figure 2, panel 1. See also Figure S1 and S2, panel 1 in supplementary material) comparable with the size of the initial synthetic constructs pool. However, after cleavage with BbsI and SMRT bell ligation, the libraries showed distinct peaks comparable with the size of the fragment released from the construct after cleavage.
(Figure 2, panel 3 . See also Figure S1 and S2, panel 3 in supplementary material) Moreover, a smear between 50 bp and 45 kb was present, which highlight unligated SMRTbell and undigested constructs  (Figure 2, panel 2 . See also Figure S1 and S2, panel 2 in supplementary material). To reduce the unligated SMRTbell and undigested synthetic constructs an exonuclease reaction was performed for both libraries. 
After performing the reaction, the final SMRT GATE library had a reduced background. The peaks correspond to the average fragment size generates after endonuclease cleavage for each pool (Figure 2, panel 3 . See also Figure S1 and S2, panel 3 in supplementary material).
The better yield of the standard protocol didn’t translate into an increase sequencing throughput. A failure in SMRTbell ligation and exonuclease activities were the likely cause which produced the loading bias.  The low sequencing yield was due to under-loading where the majority of wells of the SMRT cell did not contain a template. 

[bookmark: _llp8fktx731k]Analysing Data using the SMRT portal

The raw reads generated by the RSII PacBio sequencing platform were analysed using the “on-board” tools on the SMRT portal, a cloud-based, software platform (http://www.pacb.com/support/software-downloads/) The datasets were analysed using the RS_Resequencing pipeline. Briefly, length and quality filtered reads were demultiplexed using the Resequencing Barcoding module and subsequently locally aligned to the reference sequence based on the construct designs using BLASR. Following mapping, the Quiver algorithm was employed to detect variants and generate consensus sequences. An overview of variants calling and coverage for all the constructs for both methodologies is provided in Table 1 and Supplementary material, Table S3. We sequenced 41 synthetic constructs with an average depth of coverage of 13,162 fold for the SMRT gate constructs and 878 fold for the standard library. The depth of sequencing for each construct was unbalanced, ranging from  12- to 57,120-fold for the SMRT Gate constructs and 2- to 4,565-fold for the Standard protocol. Although the constructs were prepared with consideration given to fragment sizes in the pooling calculation, consistent with our previous experience with the Pacific Biosciences RSII, small fragments were still preferentially loaded over the larger ones. Loading of SMRTbell template is size dependent, this is particularly important when sequencing libraries with different insert size. To overcome this issue and to achieve a more even representation we would highly recommend to select libraries of a similar size (+/- 10%) to minimise loading biases or increase the concentration of larger fragment in the pools. 
(http://www.pacb.com/wp-content/uploads/2015/09/Guide-Pacific-Biosciences-Template-Preparation-and-Sequencing.pdf)

[bookmark: _dy2aeg8mnxs2]Analysis pipeline and variants calling 
Due to the nature of PacBio sequencing, with average Polymerase Reads of 50 kb and considering a max. fragment length in the pool of 7.7 kb, we expected the reads to map across the entire length of the synthetic construct. 
After mapping and variant calling we filtered out the four constructs (11021, 11030, 11045,11046, indicated as FAIL in Table 1) which had a drop in local coverage across the reference sequence (within a 200 bp window) in spite of their overall coverage being more than 20-fold. For these constructs we used a combination of PCR and Sanger Sequencing. For the PCR we  designed primers to target the vector sequence and amplifying across the inserts, and we submit the amplicon to Sanger sequencing to verify the sequence. We confirmed that the constructs provided were different from the reference sequence and hence looked as if they had failed because we had not included a reference sequence for these constructs in our reference mapping database. 
Of the remaining thirty-seven constructs, the PacBio sequence data agreed 100% with the reference sequence in thirty-one constructs. In six constructs, the  RS_resequencing pipeline identified five SNPs and four indels in the constructs generated via SMRT Gate protocol while four SNPs and three indels were identified in the Standard method (Table 1 and Supplementary material, Table S3). All the variants were confirmed by Sanger sequencing and highlighted that they have occurred during the assembly of the original Level O parts. 
Part of the screening process is selecting two to five colonies and sequence them to assess point mutation. To confirm the ability of the PacBio to discriminate single point mutations, we included 2 constructs in the pool, which were identical with the only exception of a base in position 3332 (11065 T/11066 C). The reference sequences for 11065 and 11066 were aligned to the consensus sequences generated by Quiver (Fig.3A left panel) and the software assigned correctly the SNP in position 3332. Moreover, a new SNP in position 2774 was found (Fig 3A right panel) and subsequently validated. 


[bookmark: _njlqvms84lyr]Conclusion 
SMRT Gate can be used to generate libraries suitable for Single Molecule Sequencing technology without the need of individual barcoding and time-consuming procedures. Although we have yet to test the methodology on constructs made using other Type IIS assembly methods, it could also be applied to those made using BASIC (13), Golden Braid (14) or TNT (15). The methodology can be adapted to any construct flanked by recognition sequences for Type IIS restriction endonucleases that generate a 4 bp overhang. The RSII PacBio platform can generate up to 100,000 reads while the Sequel can produce 5 times more reads. In our experiment the uneven distribution was probably due to the loading bias which can be mitigated providing libraries with the same size range (+/- 10%) 
If consideration is given to library size, the reads distribution should be more even and  therefore at least 10x coverage can be achieved when  multiplexing 384 samples per SMRT. That would provide enough coverage for calling variants with confidence and a cheap alternative to Sanger sequencing.


[bookmark: _a0yrzr54lv2l]Materials and Methods
SMRT Bell
The oligonucleotides (5’ Phosporylation, PAGE purification) which are used to generate the SMRTbell adapter were ordered from IDT (Supplementary Table S2; Leuven, Belgium).  The SMRTbell adapter must be annealed to form hairpin prior to ligation. To anneal the SMRT bell adaptor, the oligonucleotides were resuspended in 1x annealing buffer (10 x annealing buffer100 mM Tris-HCl pH7.5, 5MNaCl) at a final concentration of  20 μM in 20 μl.  They annealing reactions were incubated at 80°C for 2 minutes, then ramped down to 25°C at a rate of 0.1°C/second, before transferring to 4°C for immediate use or store at -20°C.
[bookmark: _r74gz0rlyjvt]Generation of SMRT Gate library
Forty-one plasmids were (see Table 1 Experimental Design) assembled in three pools using an equimolar amount of each plasmid. Each pool (500-1000 ng) was subjected to a Golden Gate type reaction to digest and ligate the barcoded SMART Gate SmtBell as following : 1 μl of T4 Ligase (1U/μl ,ThermoFisher Scientific, Runcorn, UK) , 1 μl of ATP (10nM ,NEB, Hitchin, UK), 0.5 μl of BbsI (10,000 U/ul ,NEB, Hitchin, UK) 1x Buffer 2.1 (NEB, Hitchin, UK) 1μl SmartGateBell (Supplementary material, Table S2) a and b (20 μM, IDT, Leuven, Belgium) in a final reaction volume of 50 μl or scale down to 10 ul when automation were used. The reaction was incubated on a thermocycler (Agilent SureCycler 8800, Stockport, UK) as following: First step at 37°C for 20 minutes, 2nd Step at 37°C for 1:50 and 16°C for 5 minutes (15 Cycles) and then 50°C for 5 minutes and finally and incubation at 80° for 10 minutes. After ligation, the reaction was submitted to an exonuclease reaction using 1μl Exo III (100 U/μl NEB, Hitchin, UK) and Exo VII (10 U/μl NEB, Hitchin, UK) to degrade products which failed ligation and templates containing internal nicks. The libraries were cleaned using 1x of AMPureXP Beads (Beckman, High Wycombe, UK) and resuspended in 10 μl of TE buffer. One μl of each library was run on Agilent Genomic DNA ScreenTape (Agilent, Stockport, UK) to ensure the final product was the correct size and quantified using a Qubit® (ThermoFisher Scientific, Runcorn, UK) dsDNA HS assay. The three libraries were pooled and the final library was 5 ng/μl. 

[bookmark: _e31hnv50qbko]Standard Library
The same pools of constructs were prepared as described above. Each pool was subjected to a digestion reaction to cleave the DNA fragments using 1 μl of BbsiI (10,000 U/ul, NEB, Hitchin, UK) 1x Buffer 2.1 (NEB, Hitchin, UK) at 37°C for 60 minutes in a final volume of 20 μl. Following 2 μl of rSAP (NEB, Hitchin, UK) was added to the reaction and incubated at 37°C for 60 minutes and subsequently at 65°C for 5 minutes. A dephosphorylation was performed to remove a phosphate group from a DNA fragment to inhibit self-ligation of the fragments. A ligation reaction was performed adding 1 μl of T4 Ligase (1U/μl , ThermoFisher Scientific, Runcorn, UK), 1 μl of ATP (10nM ,NEB Hitchin, UK), 1x Buffer 2.1 (NEB, Hitchin, UK) 1μl barcoded SMRTBell a and b (20 μM, IDT Leuven, Belgium) and incubated at 25 °C for 60 minutes . A clean-up step was performed using 1x of AMPureXP Beads (Beckman, High Wycombe, UK) to remove enzymes and salts and resuspended in 10 μl of TE buffer. The repair reaction was performed using the PreCR Repair Mix (NEB, Hitchin, UK) following manufacturer recommendation. After the repairing step the library was submitted to an exonuclease reaction and a cleanup as above. Final library concentration was 8 ng/μl.

[bookmark: _fwdgqtiscyjh]PCR verification 
Five ng each of constructs 11016, 11030, 11046, 11027 and 11045 were used to PCR amplify the inserts using 0.3 μM Level1TDNAL_for; 0.3 μ M Level1 RB_rev (IDT, Leuven, Belgium ,Supplementary material, Table S2); 1x OneTaq® Hot Start DNA Polymerase ready mix (NEB, Hitchin, UK). The PCR for each variable region was carried out in triplicate in a 25 μl reaction in the thermal cycler with the following parameters: initial denaturation at 94 °C for 5 min, followed by 25 cycles of 98 °C for 20 s, 60 °C for 15 s, and 72 °C for 3min with a final extension at 72 °C for 3 min. 


[bookmark: _j3p3f3psgtgz]Sanger sequencing 
Five µl of Purified plasmid DNA (80 - 100 ng/µl) was mixed with 5 µl of primer leverl1TDNAL_for and Level1 RB_rev (5 µM) and submitted to a sequencing provider GATC (Konstanz, Germany) for Sanger sequencing.
 
[bookmark: _m41euf5k7cjm]PacBio Sequencing 
 
The Pacific Biosciences calculator was used to determine the amount of primers and polymerase needed for the binding reactions, based on an insert size of 4500 bp. The primers and Pacific Biosciences proprietary p6 SA DNA polymerase v2 was bound to the library and the MagBead Kit (Pacific Biosciences, Menlo Park, CA, USA) was used to bind the library complex with MagBeads before sequencing to reduce adapter dimers. The Mag-Beads SMRT bell-polymerase complexes were loaded into a 96 well plate. The plate, along with a DNA sequencing kit 6.0, was loaded onto the instrument. Each SMRT cell was loaded with a single binding complex and 360 min movies were collected on a Pacific Biosciences RSII sequencer (Pacific Biosciences, Menlo Park, CA, USA). 

[bookmark: _uu85nd8dc4mx]Sequencing  Data Analysis 

The sequencing data generated by the Pacific Biosceince RSII sequencer was analysed using RS_resequencing pipeline on the onboard software provided in the SMRT portal (software v2.2, https://github.com/PacificBiosciences/SMRT-Analysis/wiki/SMRT-Analysis-Software-Installation-v2.2.0) using the construct design sequences as a reference file. The depth of coverage across the constructs was determined and plotted using the BED format file produced by the PacBio portal, facilitating identification of regions of construct coverage dropout. SNPs and INDELs were called as part of the SMRT portal RS_Resequencing workflow after consensus sequence identification using quiver (https://github.com/PacificBiosciences/GenomicConsensus).

Table 1 Experimental Design: 5’ and 3’ Overhangs generated after digestion with BbsI enzyme. The final size of each fragment, the status and the variant calling is showed.




Figure 1 Schematic SMRT Gate library preparation and sequencing reaction: Double-stranded DNA fragments are generated using BbsI (BpiI) restriction sites (purple) and release from the backbone. The barcoded (red) SMRT Gate hairpin adapters (blue) are ligated onto double-stranded DNA fragments using the overhang generated by the cleavage.  The DNA polymerases (grey) was bound to the SMRT library to generate polymerase reads (red). Dashed lines represent single-stranded DNA.

Figure 2 Smrt Gate Library (pool 1) QC Tapestation Electropherograms. Electropherogram before SMRT Gate reaction (1) before Exonuclease treatment (2) and final SMRT Gate library (3) 

 
Figure 3 Example of Variant Calling. Alignment of 11019 Quiver (Q11019) and Sanger (S11019) Reads mapped to the Reference (R11019) showed a Single nucleotide Polymorphism (SNP) at position 208 (A). Alignment of Quiver consensus (Q11065, Q11066) and reference sequences (R11065, R11066) for 11065 and 11066 showed  a new variant (B).and concordance in SNP calling (C) 
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image1.emf
Name Samples Overhang (5'-3") (bp) Standard SMART Gate Variant Calling
Pool 1 11019 ACTA/GTAA 1,782 pass pass 195A>G

11030 5,227 fail fail

11066 7,726 pass pass 2761A>T

11065 7,726 pass pass 2761A>T

11033 2,740 pass pass

11031 1,807 pass pass

11048 1,352 pass pass

11040 4,932 pass pass 20delG
Pool 2 11060 GCAA/TAGT 4,893 pass pass

11056 6,424 pass pass

11051 5,060 pass pass

11050 4,948 pass pass

11049 5,763 pass pass

11028 5,860 pass pass

11027 4,806 pass pass

11026 4,806 pass pass

11025 4,806 pass pass

11047 2,625 pass pass

11036 3,103 pass pass

11034 2,740 pass pass

11032 1,807 pass pass

11016 1,974 fail pass 10_11insA, 11G>A,13A>C,15delC, 16C>T,1742T>G

11064 1,855 pass pass

11070 1,801 fail pass

11039 2,345 pass pass

11037 2,593 pass pass
Pool 3 11046 TGCC/TTGC 5,747 fail fail

11021 5,275 fail fail

11045 5,012 fail fail

11059 2,877 pass pass

11055 1,930 pass pass

11042 2,357 pass pass

11041 3,034 pass pass

11038 2,593 pass pass 1742T7>G

11024 1,895 pass pass

11015 2,345 pass pass

11010 2,395 pass pass

11009 2,338 pass pass

11003 2,381 fail pass

11017 1,188 pass pass

11013 1,305 pass pass









N ame S amp l e s O ve r h an g (5' -3' )F r agme n t Le n gth   (b p ) S tan d ar d   S M A R T G ate   V ar i an t C al l i n g

P o o l 	 1 	 1 1 0 1 9 	 A C T A / G T A A 1 , 7 8 2 p a s s p a s s 1 9 5 A > G

1 1 0 3 0 5 , 2 2 7 f a i l f a i l

1 1 0 6 6 7 , 7 2 6 p a s s p a s s 2 7 6 1 A > T

1 1 0 6 5 7 , 7 2 6 p a s s p a s s 2 7 6 1 A > T

1 1 0 3 3 2 , 7 4 0 p a s s p a s s

1 1 0 3 1 1 , 8 0 7 p a s s p a s s

1 1 0 4 8 1 , 3 5 2 p a s s p a s s

1 1 0 4 0 4 , 9 3 2 p a s s p a s s 2 0 d e l G

P o o l 	 	 2 	 1 1 0 6 0 G C A A / T A G T 	 4 , 8 9 3 p a s s p a s s

1 1 0 5 6 6 , 4 2 4 p a s s p a s s

1 1 0 5 1 5 , 0 6 0 p a s s p a s s

1 1 0 5 0 4 , 9 4 8 p a s s p a s s

1 1 0 4 9 5 , 7 6 3 p a s s p a s s

1 1 0 2 8 5 , 8 6 0 p a s s p a s s

1 1 0 2 7 4 , 8 0 6 p a s s p a s s

1 1 0 2 6 4 , 8 0 6 p a s s p a s s

1 1 0 2 5 4 , 8 0 6 p a s s p a s s

1 1 0 4 7 2 , 6 2 5 p a s s p a s s

1 1 0 3 6 3 , 1 0 3 p a s s p a s s

1 1 0 3 4 2 , 7 4 0 p a s s p a s s

1 1 0 3 2 1 , 8 0 7 p a s s p a s s

1 1 0 1 6 1 , 9 7 4 f a i l p a s s 1 0 _ 1 1 i n s A , 	 1 1 G > A , 1 3 A > C , 1 5 d e l C , 	 1 6 C > T , 1 7 4 2 T > G

1 1 0 6 4 1 , 8 5 5 p a s s p a s s

1 1 0 7 0 1 , 8 0 1 f a i l p a s s

1 1 0 3 9 2 , 3 4 5 p a s s p a s s

1 1 0 3 7 2 , 5 9 3 p a s s p a s s

P o o l 	 3 1 1 0 4 6 T G C C / T T G C 5 , 7 4 7 f a i l f a i l

1 1 0 2 1 5 , 2 7 5 f a i l f a i l

1 1 0 4 5 5 , 0 1 2 f a i l f a i l

1 1 0 5 9 2 , 8 7 7 p a s s p a s s

1 1 0 5 5 1 , 9 3 0 p a s s p a s s

1 1 0 4 2 2 , 3 5 7 p a s s p a s s

1 1 0 4 1 3 , 0 3 4 p a s s p a s s

1 1 0 3 8 2 , 5 9 3 p a s s p a s s 1 7 4 2 T > G

1 1 0 2 4 1 , 8 9 5 p a s s p a s s

1 1 0 1 5 2 , 3 4 5 p a s s p a s s

1 1 0 1 0 2 , 3 9 5 p a s s p a s s

1 1 0 0 9 2 , 3 3 8 p a s s p a s s

1 1 0 0 3 2 , 3 8 1 f a i l p a s s

1 1 0 1 7 1 , 1 8 8 p a s s p a s s

1 1 0 1 3 1 , 3 0 5 p a s s p a s s


Microsoft_Excel_Worksheet.xlsx
table1

		Name		Samples		Overhang (5'-3')		Fragment Length (bp)		Standard 		SMART Gate 		Variant Calling

		Pool 1 		11019		 ACTA/GTAA		1,782		pass		pass		195A>G

				11030				5,227		fail		fail

				11066				7,726		pass		pass		2761A>T

				11065				7,726		pass		pass		2761A>T

				11033				2,740		pass		pass

				11031				1,807		pass		pass

				11048				1,352		pass		pass

				11040				4,932		pass		pass		20delG

		Pool  2 		11060		GCAA/TAGT 		4,893		pass		pass

				11056				6,424		pass		pass

				11051				5,060		pass		pass

				11050				4,948		pass		pass

				11049				5,763		pass		pass

				11028				5,860		pass		pass

				11027				4,806		pass		pass

				11026				4,806		pass		pass

				11025				4,806		pass		pass

				11047				2,625		pass		pass

				11036				3,103		pass		pass

				11034				2,740		pass		pass

				11032				1,807		pass		pass

				11016				1,974		fail		pass		10_11insA, 11G>A,13A>C,15delC, 16C>T,1742T>G

				11064				1,855		pass		pass

				11070				1,801		fail		pass

				11039				2,345		pass		pass

				11037				2,593		pass		pass

		Pool 3		11046		TGCC/TTGC		5,747		fail		fail

				11021				5,275		fail		fail

				11045				5,012		fail		fail

				11059				2,877		pass		pass

				11055				1,930		pass		pass

				11042				2,357		pass		pass

				11041				3,034		pass		pass

				11038				2,593		pass		pass		1742T>G

				11024				1,895		pass		pass

				11015				2,345		pass		pass

				11010				2,395		pass		pass

				11009				2,338		pass		pass

				11003				2,381		fail		pass

				11017				1,188		pass		pass

				11013				1,305		pass		pass


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































