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Strategy and history
Genome

• 12 chromosomes
• 950 Mb genome
• ~220 Mb of contiguous gene‐rich euchromatin

Produce finished sequence of the euchromatin
• 25% of the genome carries >90% of all genes (~28,000‐
35,000)

Most feasible strategy at the time 
• BAC‐by‐BAC sequencing approach
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Combines sequencing technologies

Moving to WGS/NGS strategy
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First tomato genome assembly v1.0
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The whole story here:
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• SL2.5/iTAG2.4 and now SL3.0/iTAG3.2

-Increase assembled genome size
110 872 contigs in  SL1.0 =>  

More than 100 000 gaps

-Decrease Chromosome zero size
-Improve structural annotation

Good assembly but still 
needs some improvements :

Current assembly
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Toward a new and improved tomato genome reference 
sequence ?

PacBio
Long contigs

BioNano
Long Scaffolds

10x Genomics
Super-scaffolding & error correction

+

Combining Long read sequencing technologies
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8

PacBio technology
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PacBio sequence Assembly

55 SMARTCells
6.3  Mreads, 67 Mbases, 70X coverage
Max lenght: 71 kb
Median sequence length: 18 kb

Assembly with CANU:

Number of contigs: 743  (110 872 contigs in  SL1.0) 
Genome size :  800 Mb
Longest contig:  13 Mb
N50 length:  3.4 Mb
N50 index:  62
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Example of region identified by QTL mapping
In the SL2.50 assembly
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Example of region identified by QTL mapping
in the SL_PacBio assembly
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SL2.40ch11_51553588_51559860_sens+
SL2.40ch11_51545301_51552055_sens+
SL2.40ch11_51534465_51544075_sens+
SL2.40ch11_51520907_51527993_sens+
SL2.40ch11_51512528_51514060_sens+
SL2.40ch11_51502451_51507359_sens+
TG36_CHR11_84.00000_R
SL2.40ch11_51488633_51493806_sens+
SL2.40ch11_51482195_51486514_sens+
SL2.40ch00_15402267_15403043_sens+
SL2.40ch00_15399665_15400108_sens+
SL2.40ch11_51460068_51460619_sens+
SL2.40ch11_51440145_51442059_sens+
SL2.40ch11_51429992_51432438_sens+

Tom_PacBio_contig72 
(5 Mbases)

iTAG2.5 genes & genetic markers mapping
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Scaffolding 

Optical Mapping 
BioNano Long read 

sequencing
Chromium 10x

+
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Optical Mapping using BioNano

www.youtube.com/watch?v=XwBl13Q4ilo
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Scaffolding 

Optical Mapping 
BioNano

Long read 
sequencing
Chromium 10X

Two enzymes, 200X coverage

N50: 34 Mb 
99% of the Genome in 

40 scaffolds
?+
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Long read sequencing by Chromium

illumina  Hiseq 3000

Sequencing
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Tool: Supernova

De novo Assembly of 10x reads

Number of contigs: 24 K
Genome size :  800 Mb
Longest contig:  11.3 Mb
N50 length:  1.8 Mb
N50 index:  125
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Scaffolding with 10x using ARCS 
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Scaffolding with 10x using ARCS 
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Scaffolding 

Optical Mapping by BioNano Linked read sequencing
By Chromium 10X

Two enzymes, 300X coverage

N50: 34 Mb
Genome in 40 scaffolds
Genome size 826 Mb

100X illumina coverage

N50: 45 Mb
99% Ggenome in 

30 scaffolds

+
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Chromosome 12 is in one scaffold
SL3.0_Ch12
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Assemblies metrics comparison
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PacBio TenX
PacBio_
Bionano

TenX_
Bionona

PacBio
TenX_AR

CS

TenX
TenX_AR

CS

PacBio
Bionano
TenX_AR

CS
Contigs number 743 24579 447 24183 475 24381 392

Contigs (>= 10000 bp) 735 1321 436 925 467 1123 381
Contigs (>= 50000 bp) 510 684 205 287 265 529 167

Total length 793 Mb 795 Mb 812 Mb 877 Mb 793 Mb 795 Mb 812 Mb
Largest contig 13628425 11337354 59878527 51292213 29789711 11337354 69682238

N50 3394188 1800595 34211668 15645230 7979471 2320671 44368898
N75 1789934 813655 16105568 6758801 3979370 1064715 19357061
L50 63 125 10 17 29 93 8
L75 141 288 18 40 64 218 14

N's per 100 kbp 0.00 6071.07 2325.86 14885.68 0.34 6071.31 2325.92

Cost €€€ € €€€€ €€ €€€ € €€€€€

Assemblies metrics comparison:
What is the best combination / low price?



Journée Long Read, 28 novembre 2017UMR990, Laboratoire GBF

Anchoring scaffolds on chromosomes:
Pseudomolecules construction

- Mapping the 2000 markers on the scaffolds
- Ordering the scaffolds pseudomolecules 
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Chromosome 2
SL3.0_Ch2
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Annotation
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Tomato EugenEP pipeline
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Annotation by transcripts evidence using TomExpress data

29 projects
222 conditions
Different cultivars

800 samples (.fastq sequence files)

Plant and fruit Development
Pollen
Trichomes
Tomato mutants
Hormones treatments 
Biotic interactions
Laser capture
...

TomExpress, a unified tomato RNA-Seq platform 
for visualization of expression data, clustering 
and correlation networks
Zouine et al., 2017, the Plant Journal (online)

De novo assembly and curation of Rna-Seq data
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Jbrowse: Exploring annotation 
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SL2.5_ITAG2.4 SL3.0_ITAG3.2 SL_mic1.0/annot1.0
Total number of genes 39488
Number of protein coding 
genes 34725 35768 36381
% genes with 5' UTR 34% 49% 70%
% genes with 3' UTR 41% 51% 71%
Number of non  coding gene 3107

Gene models annotation summary
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SL2.5_ITAG2.4 SL3.0_ITAG3.2 Sl_mic1.0/annot1.0 TAIR10
Complete BUSCOs 95,5% 94,5% 96,1% 99,5%

1376 1361 1383 1433
Complete and single-copy 
BUSCOs 94,0% 92,5% 94,4% 75,9%

1354 1332 1359 1093
Complete and duplicated 
BUSCOs 1,5% 2,0% 1,7% 23,6%

22 29 24 340
Fragmented BUSCOs 2,8% 2,8% 1,6% 0,2%

40 40 23 3
Missing BUSCOs 1,7% 2,7% 2,3% 0,3%

24 39 34 4

Annotation QC using BUSCO
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Conclusion and perspectives

• New and  high quality de novo genome assembly 
using pacBio, Bionano and 10x technologies

• One full chromosome have been obtained 
• New GM annotation with high busco score 

• Functional annotation is ongoing
• Need of manual curation of gene models and names
• Performing Hi-C sequencing (ongoing)
• De novo genome assembly of wild relatives is 

ongoing using 10x - ON - Bionano
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Tomato genome de novo assembly of wild relatives is 
ongoing

International project.
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