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Sequencing capacity

| - T + >1000 Gbases/day = 8-10 human genomes per day
I -

at 30x coverage

cnag

Equipment
11 llumina HiSeq2000/2500/1T
1 llumina Miseq

4llumina cBots

2 Oxford Nanopore Minions

Caliper/Eppendorf liquid handling robotics.

Bull 1250 core cluster super computer
Maxeler Data Flow Engine

25 Tflops

2.7 petabyte disc space

Barcelona Supercomputing Center (10 x 10 Gbls)
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Prunus persica Prunus dulcis

cnag .. Qe cnag . CoQee

r
Choosing an sequencing strategy Estimating heterozygosity and repeat structure using kmers

Almond (Prunus dulcis) kmer analysis

2000000
L

1500000
L

=N

[ | [oovmme] [ ] [= ]

frequency
1000000
L

500000
L

T T T T T T
0 200 00 600 800 1000

mer coverage:
*kmer analysis used to determine extent of heterozygosity and repeat problem
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r N r A
A mammal with low heterozygosity and more repeats WGS Read Data
FP (avg of
5 type PE PE PE MP MP 68 pools)
B fragment size 300 360 263 5.2kb 3.1kb 310
g | read length 2x101 2x101 2x101 2x101 2x101  2x151/251
a yield mBases 45,673 32,729 22397 16969 16431 5,225
i depth (x) 166 119 81 62 60 >200
g avg percent unique 59 59 59 58 55 56
E & avg percent unmapped 49 5.1 5.1 36 3.1 8.0
E 5 avg difference* rate r1 2.8 2.8 2.8 3.5 33 36
&7 avg difference* rate r2 2.8 3.2 2.9 3.4 3.4 3.6
H avg percent duplicate 0.7 8.7 12 784 44.4 8.0
&
] avg phix error r1 0.22 0.48 035 0.24 0.25 0.36
§ 4 avg phix error r2 0.42 113 0.91 0.35 0.37 0.62
El T T T T
0 100 20 a0 400
*Peach v1.0 used as reference for mapping
multiplicity
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JSXFPSAs!embIIes zsxFPsAmmbus Fosmid Pool Assembly — Merging
ABYSSvl 5 2 AEYSSVLS 2
k=117 I=125. rn

Merging strategy 3’ Algorthm Detelopment Team |
* FP contigs/scaffolds as long reads | ;
« Length >= 1000 bp :
* OLC-like graph structure
« Efficient implementation
+ High tolerance to mismatches
and indels

52
* NEW: uses read (scaffold) path —L= /”5

L
Paolofibeca Leanorfrias

to solve ambiguities

* Time/memory requirements
not dependant on overlap length, R b5
rather on the number of reads _-éﬁ___l
and the granularity of the overlap b1
computation _
—
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Fosmid Pool Assembly — Merging B | f P RN
AE‘ISS\/I 52 ABYSSvl 52
k=95 1=75 k=117 1=125
Merging strategy /
* FP contigs/scaffolds as long reads |
+ Length >= 1000 bp i
* OLC-like graph structure ‘wgs complementay
« Efficient implementation iy
* High tolerance to mismatches
and indels
* NEW: uses read (scaffold) path m
to solve ambiguities
* Time/memory requirements —_—
not dependant on overlap length, 1 S bs
rather on the number of reads _-éﬁ——__
and the granularity of the overlap b
computation —
+ Additional path ambiguities be
solved by scaffolding using FPS _:I
and WGS PEs (ABySS or SSPACE)
+ Gap filling (GapFiller) @
S — = i S — 4
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45 x FPS Assemblies 23 x FPS Assemblies
Complementary assembly PS hsser PS Asser
ABySSv1.5.2 ABySSv1.5.2
os 75 et izs

Read selection

mapping

1} ‘wgs complementay
FP assembly assembly’
ABYSSV1 5.2
! a7 l-s0

Assembly + Gap filling

AbySS + GapFiller

WGS assembly

[} [}
Erosion

50 bp off each edge

Scaffolding + Gap filling
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Consistency-based misassembly detection ) Consistency-based misassembly detection
conmars i — & i - — a

1. Map reads f o 1. Map reads \—
e / L

2. Select the best scoring pair or pairs that a . Select the best scoring pair or pairs that
fit frag size distribution and intervals fit frag size distribution and intervals
3. When both ends are mapped but in g 3. When both ends are mapped but in
inconsistent order/orientation/chr, we . e . e ) inconsistent order/orientation/chr, we
define the intervals where the other end —t L = L define the intervals where the other end
should have mapped. E— = v should have mapped.
4. Scoring intervals 4. Scoring intervals
+ 1 for consistentintervals + 1 for consitent ntervals
« -1 forinconsistent intervals. [— . « -1 forinconsistent intervals. e
« Scoreis divided by number of mappings —t + Scoreis divided by number of mappings
in case of multimaps. in case of multimaps.
5. Scores summed at each position of ' 5. Scores summed at each position of
genome genome
6. Determine intervals of positive and 6. Determine intervals of positive and
negative values. negative values.
7. Keep the positive, discard the negative 7. Keep the positive, discard the negative
and rescaffold. and rescaffold,
<nag o720 N cnag 1/19/2016 : qntﬁ’ y
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1 1 1 45 x FPS Assemblies 23 x FPS Assemblies
pdulcis3 assembly statistics PS paser ] PS peser
ABySSv1.5.2 ABySSV1.5.2
k=95 1=75 k=117 1=125

Gene Completeness
(CEGMA)

pdulcis3 assembly
I tay

Contiguity (Nseries)

arise
conties 147071 47112 6627 238749973 )
E (120)  (1402)  (6248)  (19193)
582,101 235950 51,188 243,967,083
scaffolds 32) (323) (1140) (8792) 99.19 100
cnag cnag




Whole genome alignment misassembly detection
¥
Strategy Synteny breakpoint ®
1. Whole genome alignment to peach *
Assembly fragmentation: ws = 5kb; ss = 2.5kb Misassembly
BLAT True structural rearrangement
Alignment stitching Alignment artifact
Non-redundant alignment blocks
2. Alignment chaining
Syntenic alignment blocks
Dynamic programming algorithm
3. Assembly fragmentation
Synteny breakpoints
4. Re-scaffold
SSPACE
<nag \BCF(G"

rAssemblies Satistics (Scaffolds)

Assembly

582,01 | 235959 5188 | 243,967,083
Pdulcis3 ) 323) o) 6702 99.19 100 97.30%
943,822 | 395177 | 108352 | 217,311,012
Pdulcisa pres 270) s61) BED) 99.60 98.79 96.90 %
. 1,207,396 | 499,402 | 112,796 | 239,631,858
Pdulciss 16) 47) B0, P 99.60 98.79 97.10%
cnag
Vi
r - N
Assembly Satistics
N10 N50 N90 total length gaps
. 129,054 32,093 3,645 228,135,103
Contigs
(128) (1,726)  (10,638)  (25,349)
pdulcis5
1,207,396 499,402 112,796 239,631,858
Scaffolds O3 20,509
(16) (147) (510) (4,840)
Contigs 134,728 33,482 3,964 228,136,029
& (125) (1664)  (9936) (23,872)
pdulcis6/7
1,207,434 499,381 112,793 239,629,721
Scaffolds (16) (147) (510) (4,840) 19,032
cnag CRG*
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Validation — Anchoring and MinlON sequencing
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CONSISTENC!
PE+MP

DISCARD
exact dups
(<4,100 bp)

SSPACE 3.0
(k=10 2=0.6)
PE

e
FPS artificial

&=

discarded contigs | [ selected scaffolds
(39.58 Mb) (196.83 Mb)

l (]
/ SSPACE3.0 \
c<nag 1/15/2016 /CONSISTENC! (k=3 a=0.6) 20 %;E
A < (PE+MP Libs) > 3 = 4

v 1
discarded contigs | [ selected scaffolds
(39.58 Mb) (196.83 Mb)

SSPACE 3.0
(k=32=0.6)
PE

CONSISTENC
(PE+MP Libs) 3
FPS artificial

<

[ rescued contigs ][ Pdulcisa ]

v

DISCARD
exact dups
(<4,100 bp)

SSPACE 3.0
(k=3 2=0.6)
PE

e
FPS artficial
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Anchoring to genetic map MinlON

Count

Length
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Annotation Pipeline
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pdulcis7 genome browser
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rPduIcis? Annotation
Genome size (bp) 239,629,721 227,411,381
Number of genes 24,290 26,873
Median gene length 2450 2626
Total genic length 76,978,498 87,059,967
Gene density (kb) 9.9 85
Number of exons 128,425 130,676
Median exon length 154 136
Exon GC content 43.5% 44.8%|
Number of introns 104,135 103,803
Median intron length 170 162
Intron GC content 34.1% 33.9%
Number of transcripts 29,510 47,089
Exons per transcript 5.29 4.86
Introns per transcript 4.29 3.86]
Transcripts per gene 122 175
Multi-exonic transcripts 79% 76%
c<nag Lg:ﬂ_e-
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