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Introduction e | Methods -, Overview of MinlION® reads

Instead of using lllumina short reads to correct MinlON® reads, we propose a method that uses the MinION® g AT e RINOV frs 9N ASstauster 83/l ADP:

The technology of long-read sequencing now ofrers read as a template to recruit lllumina reads, and by performing a local assembly, build a high-quality synthetic R R0
different alternatives to solve genome assembly problems read. DNA library 1 2 3 4

and haplotype phasing, which can not be resolved . DNA fragment size 20 kb 20 kb 20 kb

. - i ® N Fl Il chemist R7 R7.3 R7.3
adequately by short-read sequencing. i o reads e e Steps. generate Nas read < NSXEZ (C,f fijsry 3,990 6,052 11,957

" — — I B LI T I TR ' |n utdata —— SIS S SE— I
In 2014, Oxford Nanopore released the MinION® device, a | T = ettt P Y, contigl contig2  contigd _ contig4 contig2 contig5 Step4. filter NaS read Cumulative size (Mb) 19.3 408 345

: » 2 N N50 size (bp) 11,288 10,217 12,729
small and low-cost single-molecule nanopore seguencer, y Stepl. get seed reads . 1 contig3 Average size (bp) 4830 6 746 836

which offers the possibility of sequencing long DNA a < 0 _»contig2—_, 0 Step5. build contig graph % of 2D reads 13.6% 4330 11.6%
. contig4 contig5 ) o o o 0

fragments. QH- Step2. recruit reads O 5 < % of 2D bases 27.1% 57.1% 42.7%
L ) contigl > 1 — _

Here, we present a hybrid app_roach_ developed_to take — contig Step6. select best path Summary statistics of the MinION reads
advantage of data generated using MinlON ® device. Our . Step3. generate NaS read = )
4

# reads 57,911 8,581

. _ h
method Is able to generate NaS (Nanopore Synthetic-long) Stepa. filter NaS read /\m_ﬁ[ lllumina read Step7. validate NaS read # reads (>10Kb) 3,609 3,866

reads up to 60kb with no error and that spanned repetitive | . coverage ) Cumulative size (Mbp) 118.9 86.1
regions. We applied NaS on a well-known bacterium output data output data winone | Average size (bp) 2,052 10,033

(AC|n9tObaCter bay|y| ADPl) and a small eUkaryOUC ) The NaS workflow. Inputs are the lllumina short reads and the MinION® reads (purple bars represent Untangling complex regions. In the case of repetitive regions (represented by dark blue rectangles), the NaS reads N0 size (bp) ~— el

. . . sequencing errors). Stepl. lllumina reads are aligned using blat® on the MinlON® templates to select seed-reads workflow produced several contigs per MIinlON® template (Step3 and Step4). Indeed, the NaS read is allgned Max size (bp) 123,135 58,704

genome (S. cerevisae strain W303), and Compared NaS (blue rectangles). Step2. Seed-reads are used to recruit similar reads in the initial llumina read set using fragmented, due to the indeterminate position of the repetitive region (contig2). Step5. Construction of the contig using LAST® . reads 0,623 (16.6%) 7,140 (83.2%)
. . ©ar . compareads?®. Step3. Good recruits are blue rectangles and bad recruits are red rectangles. Step4. OLC-based graph weighted with the seed-reads coverage of the given contig. Contig2, which represents the repetitive region, 9 ' : ’ '

reads and NaS assemblies with two other eXIStlng tools : assembly (using newbler5) of the recruited-reads and the seed-reads. Outputted contigs (light blue and red is linked to four different contigs. Step6. The contigs present in the path with the highest weight (contigl — contig2 Mean identity percent 56.6% 745% ... m |

rectangles) are then filtered using seed-read alignments. In this example, a single contig representing the final — contig3) are selected, using the Floyd-Warshall algorithm, and assembled to generate the final NaS read. 100 o 10009

. . Alignment size (in bp)
NanOCOI’I’l and ECtOOISz. NaS read is produced. Step7. The consistency of the synthetic NaS read is checked by aligning the initial Illumina reads set and Max alignment size 54,158 58,656 Comparison of MinlON® 1D (red circles), 2D (green

detecting gap of coverage. Error-free reads 0 O circles) and NaS (blue circles) reads quality.

Identity percent

Acinetobacter baylyi ADP1 dataset Yeast dataset Conclusion

We combined ~57X of MinION® reads with 50X of Illumina 250bp paired-end reads to produce We used the dataset provided with the nanocorr?! tool, based on the W303 strain of S. cerevisae, |
high quality synthetic reads. To demonstrate the utility of the NaS workflow, we attempted | In combination with lllumina paired-end reads and compared our results with the one obtained Th_e _approach Ure jpresiElt (i 15 &
_ _ _ efficient method to sequence genome
synthetic reads assembly using the Celera asembler. Moreover, we compared NaS and two with Nanocorr!. by combining advantages of lllumina
recent tools: Nanocorr! and ECTools?.

Summary statistics of the MinlON ® , Nanocorr and NaS reads. Reads were aligned on the W303 PacBio asembly, using bwa mem with ‘-x pachio’ option and t € new OXfO rd N ano pore
MinION® reads NanoCorr (all MinlON® reads) NaS (template and 2D reads only) techno OglesS. These sequencing

Read set MinION® reads NanoCorr ECtools NEN) Shortdread dataset NA SO GRS (@) S0 SOX GIIPIE @ 280l teChnO OgleS are _CommerCIa“ZEd
¢ roads 56 492 11 836 4867 11 476 # reads 267 768 105 281 1793 through two desktop instruments, the

# reads >10Kb 34 300 12 254 6 141 - - -
# reads >10Kb 7 475 2915 2661 3077 MinION® device and the MiSeq
Cumulative size (coverage) 1 465Mb (117X) 488 Mb (39X) 426 Mb (34X)

Cumulative size (coverage) 204 951 379 (57X) 67 636 754 (19X) 55 473 374(15X) 79 900 983 (22X) Sequencer respectlvely th at have the

: Average size 5473 4 636 5938
Average size 3082 5714 11 398 6 962 -
N5 sire 670 1> 166 1> 608 11 331 N50 size 7937 8 294 7 085 advantage to be small and relatively

Max size 123 135 58 414 54 615 59 864 Max size 146 992 72 936 45 745 low cost.

Aligned reads 16 763 (25.2%) 11 802 (99.71%) 4 867 (100%) 11 476 (100%) Aligned reads 68 215 (25.47%) 104 094 (98.87%) 71 614 (99.75%)
Aligned bases 123 416 224 (60.2%) 67 135 095 (99.25%) 55 293 130 (99,67%) 79 838 313 (99.92%) Aligned bases 411 Mb (28.02%) 475 Mb (97.27%) 424 Mb (99.47%) Our method offers the Opportunity to
Mean identity percent 66.3747% 96.5665% 99.9636% 99.9847% Mean identity percent 55.4937% 97.5005% 99.9246%
Perfect reads 0 (0%) 2 117 (17.93%) 4 456 (91.55%) 11 015 (95.98%) Perfect reads 0 (0%) 3 334 (3.2%) 56 991 (79.58%)

gggﬁ;ﬁgg of the reference 3 598 621 (100%) 3 598 621 (100%) 3 598 621 (100%) 3 508 621 (100%) Coverage of the reference sequence 12 353 715 (99.86%) 12 336 482 (99.72%) 12 196 844 (98.6%) ‘?ukaryotlc _genon:lefs I'T't'a very short
Ime, even in small 1aclllties.

Summary statistics of the MinlON ® , Nanocorr, ECtools and NaS reads. Reads were aligned using bwa mem?’ with ‘-x pacbio’ option

sequence  microbial or small

_ _ | | Summary statistics of genome assemblies produced using Celera assembler8. Metrics were computed using Summary statistics of genome assemblies produced using Celera assembler.
Acinetobacter_baylyi : i : : : Quast® Metrics were computed using Quast.
o]} : | o

This hybrid approach presents an
200 kbp | | Metrics (Quast) lHlumina Nanocorr ECtools - - - - - - . . . . . - - . - - . -
Ep—— 6 953 204 125 | interesting alternative compared with

IEEREREREEL . . #contigs 20 6 4

*HEEHﬂlllumina_readsassemhly _ . ST, ASSGmb| SIZG 14 910 895 14 OOO 895 11 845 583 n r r i h MRT f
ST | SRR o | s Assembly size 3502537 3635796 3620823 3616882 ' standard strategies, such as S y

NEG B —— 3 609 416 3604474 2468 787 GC (%) 38.71 38.64 38.14 Pacific BioSciences and Illumina
L50 5 1 1 1 ' Reference GC (%) 38.21 38.21 38.21 TruSeq SynthetIC IOng reads. For
TS TR N90 140 386 3 609 416 3604 474 954 595 | NS0 53444 334484 148 384 -
e example, our approach IS
B E B EHH lllumina (density plot) L90 11 l 1 2 L50 80 15 21 . . .
MinContigSize 3547 9380 1 458 54 816 N0 544 20612 45 795 straightforward In terms of library
mnr s ———— . MaxContigSize 520 993 3609 416 3604474 2468787 L90 3137 08 75 preparation, as well as laboratory and

acinbiiinns o dhos dendudint h o i il A o o 0999 099 i & # misassemblies 72 161 83 information technology infrastructure
0 Max aln 520 993 1442 823 1 825 329 1701411

T T e ae—— . # misassembled contigs 52 107 51 :
FO NA50 290 660 1212 310 2 598 906 954 061 requirements.

NA75 194 326 953 958 681 989 496 599

_ . . . _ | ion (%) 92.2
Comparison of lllumina and NaS reads assemblies. The figure shows a capture of a 700 Genome fraction (% 99 735 100 100 99971 Genome fraction (%
kb genomic region from Acinetobacter baylyi ADP1. The first track contains rDNA clusters _ _ () Duplication ratio 1.23 |\/|OI’€OV€ I’, we demOnStrated th at
5, 6 and 7 (purple rectangles). The orange rectangles represent alignments of contigs from # misassemblies 4 2 2 3 - - b - - - - - - - - '
the lllumina-only assembly, whereas blue rectangle represents the alignment of the NaS # local misassemblies 3 2 3 6 # mismatches per 100 kbp 72 .65 although the OXfOI’d NanOpOI‘e
assembly contig. The three plots represent respectively the coverage of lllumina, Nas 2D

and MinlON® 2D reads. We observed that breakpoints of the lllumina assembly coincide in # mismatches per 100 kbp | # indels per 100 kbp 34.17 tEChnO|Ogy |S a relat|Ve|y new
gﬁétm\;]v(ietrr:t.rDNA clusters, in contrast with the NaS assembly which exhibits a perfect # indels per 100 kbp average id% 99 69 Sequencing teChnOIOgy, Currently Wlth
[ ” 2 ip N B W ST a high error rate, it is already useful in
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e Metrics (Quast) lllumina Nanocorr NaS

# local misassemblies 22 44 13
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