High-quality de novo genome assembly of the
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Strategy and history

Start

2006

2007

2008

€ Phase | =——>

> BAC by BAC

v'Genome
* 12 chromosomes
* 950 Mb genome

* ~220 Mb of contiguous gene-rich euchromatin

v'Produce finished sequence of the euchromatin
* 25% of the genome carries >90% of all genes (~28,000-

35,000)

v'Most feasible strategy at the time

* BAC-by-BAC sequencing approach
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Moving to WGS/NGS strategy

2009

2010
> WGS (NGS)

Phase II| —>

2011

2012

Combines sequencing technologies

Type Amount

454 29 Gb

SoLD 60 i NGS
SBM 3 Ghb

BAC ends 300,000 reads (~150,000 pairs)

Fosmid ends 150,000 reads (~75,000 pairs)

BAC contigs 70 Mb, 36% of euchromatin

Physical map 10X BAC coverage +

Two hybrid assemblies
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First tomato genome assembly v1.0

Start Soly100

. sol genomics network home | forum | contact | help

2006

zearch maps sequencing tonls __sol search

login | new user
Tomato Genome Shotgun Sequence Prerelease

December 1, 2009

2007 (%) > BAC by BAC The International Tomato Sequencing Project is happy to announce the pre-release of the tomato geﬁome, produced
© by a whole genome shotgun approach using 454 sequencing, Sanger shotgun sequences, and BAC fosmid end

: sequences,
o

The current release comprises scaffold sequences anly, The International Tomato Annotation Group (ITAG) is
currently waorking on a comprehensive, high quality annotation that will be released in early 2010,

2008 Before using the sequences, we ask that vou read and agree to the data access agreement below,

2009 > WGS (NGS)

Disclaimers and data access agreement

» 1%t release: Solyl.0

PLEASE READ BEFORE ACCESSING THE PRE-PUBLICATION TOMATO GENOME SEQUENCE: The International Tomato

Genome Sequencing Consortium is pleased to make available a pre-publication draft assembly of the tomato

genome for use by public and private research commmunities as a resource to enable plant biology discovery and

[ o man condition through improved aariculture, This assembly (version 1.0) was produced by the

Dutch/Franch ESSBI‘HI‘JW team and includes both 454 data and Sanger sequence data (BAC-ends, fosmid-ends and
iwture sequences).

2010

Phase Il

Ve caution you that the current assembly is a "work-in-progress” and as such is subject to modification prior to
publication release {anticipated for mid-2010), some of which is likely to be substantial. Therefore we encourage
you to carefully and independently validate any conclusions you may draw from this sequence. We will update
this resource as improvements in the assembly are made. We welcome any feedback regarding your successes
or that may assist us in improving the quality and accuracy of this sequence.

2011

The pre-publication tomato genome sequence is made available with the understanding that users will respect
the rights of those who contributed to this effort to describe the tomato genome in a peer-reviewed publication,
This description includes whole genome level analyses on genes, gene families, repetitive sequences etc, YWe
encourage you to review the MIH-MHGRI guidelines on distribution and use of pre-publication genome sequence
at bttt ffwewewe .genome. gov/page.ofm?pagelD=10506527 &7, Any Use of the tomato genome sequence prior to its
publication should credit "The International Tomato Genome Sequencing Consortium”. If you are uncertain about
how to credit the use of the sequence or its appropriate Uuse please do not hesitate to contact Joyce Yan Eck=1,

2012

THETOMAIU GENOME

UMR990, Laboratoire GBF Journée Long Read, 28 novembre 2017

INe e ris At v
SCIENCE & IMPACT



The whole story here:

Compendium of Plant Genomes
i_ Sertes Editor: Chittaranjan Kole

Mathilde Causse

Jim Giovannoni

Mondher Bouzayen
Mohamed Zouine Editors

The Tomato

Genome

*?il Springer
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Current assembly

e SL2.5/iITAG2.4 and now SL3.0/iTAG3.2

1 2 3 4 5 6 7 8 9 10 11 12
Good assembly but still
needs some improvements :
- -Increase assembled genome size
| _ . 110 872 contigs in SL1.0 =>
J T T 7 u More than 100 000 gaps
. . . . . . . .+ . -Decrease Chromosome zero size
J . . . . . . = . _Improve structural annotation
# Scf 9 7 13 6 3 8 4 9 10 6 6 10

# Mb 90.3 49.9 64.8 64.1 65.0 46.0 65.3 63.0 67.7 64.8 53.4 65.5

I50% completeness _
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Combining Long read sequencing technologies

PacBio o8 BioNano

Long contigs Long Scaffolds

10x Genomics

Super-scaffolding & error correction

1

Toward a new and improved tomato genome reference
) sequence ? _
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PacBio technology

Single Molecule, Real-Time (SMRT) DNA Sequencing

SMRT® Cells

PacBio RS Il

| Science, Vol 299, Jan 31 2003, pp682-68|
J. Appl. Phys. 103, 034301 (2008)
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PacBio sequence Assembly

55 SMARTCells .
6.3 Mreads, 67 Mbases, 70X coverage 3.
Max lenght: 71 kb

Median sequence length: 18 kb

..

- H:ll.i-d l-rh';'h lk.;l-i-rlr}

Assembly with CANU:

Number of contigs: 743 (110872 contigs in 5L1.0)
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

rma ems_rmceemn e
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Example of region identified by QTL mapping
in the SL_PacBio assembly

A
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ITAG2.5 genes & genetic markers mapping

Tom_PacBio_contig72
(5 Mbases)

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 N
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+ =— =
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Scaffolding

Optical Mapping
BioNano Long read
sequencing

Chromium 10x ‘IO)\
GENOMICS®
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Optical Mapping using BioNano

leciate et Woloodar Lokwl Siwpecffac: Trarvider Labebed DMNA rlo
Weigtd DMA Sequonces Acroas the Cartridge for Scanning
Lrtrn Carvwme

Sl
£ | |V

Load, Lirwanize & Image Labeled DA in Repadtod
Cycling to Soan Whole Geroma

High-Throughput, High-Resolution Imaging Gives Contiguous Reads up to Mb Length

Mgorithms Comert Imago ' Aastaimibly Algorithrmm Algn Moloculis o nowo for | Cross-hapoing Across Mullipio
dits Molatules Caorstructing Consersus Goenome Maps Samplen of 10 a Ralerenca
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o
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s —_ e ( + Scaftolding
| " E e — L =
T . —— - + (o SErng
e A o ®E

v Aatomated SV Dotection

www.youtube.com/watch?v=XwBI13Q4ilo
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Scaffolding

Optical Mapping Long read
BioNano 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 10>\

GENOMICS®
8-well cartridge ¢ T T T ke
— Oil 2 = Enzyme |
Barcoded — (OOOOOOCOQO) | | 1 |
primer —p .......:.' | @ P 0e !
gelbeads \{f —— 100 000000/ ."' :
Mastermix [(OQOQOQOO0OO O‘O : . oil :
+ sample = ' DNA )
N i, — — -
x8 x8
Cycle Purify 2
) > —
Break Aqueous Library Sequencin
droplets oil construction
illumina Hiseq 3000
100 kb :
HIHEHHHHE-HEEH - HEH—————HH - HH - HHi I HEH-HH-

SO R Wb W N B THE R B S HE R —
WHhOIE-0ENOME k-a4i1-+-H0t-5-000000-40404-H--01-+-510 S0 00110841008-00-8008 1
. HEHIH I - b W -
INKEA FEAAS | "y it i+t 1080 481008100 1HEE- 08-S —HHS- B SIEOHH F08 88 1
(221 B 1 = [T S TR T T IR N HEHE b N T AR | ] ]

=% B2
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De novo Assembly of 10x reads

Tool: Supernova

EHIHE R - DN 00 000- BN

HH——H—HHH— L H—HAHHH

HHBEM-H-H H—-

HH- S HELE b HEH HH-8—H
L

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

bioRxiv preprint first posted online Jan. 17, 2017; doi: hitp//dx_doi.orgM10.1101/100750. The codpgright holder for this preprint {(which was not
peer-reviewed) is the authorffunder. It is made available under a CC-BY 4.0 International license.

ARCS: Assembly Roundup by Chromium
Scaffolding

Sarah Yeo!, Lauren Coombe!, Justin Chu, René L. Warren!'2, and Inanc Birol

BC Cancer Agency, Genome Sciences Centre, Vancouver, BC V5Z 456, Canada
!puthors contributed equally
*corre sponding author: rwarren@bcgsc.ca
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Scaffolding with 10x using ARCS

Mol I @ *~— o— e— eo— Barcodebl
olecuies Barcode b3 ®— 8 —o— o— e— Barcode b2
Barcode b4 .2—__o— o— ¢ S oo ._Barcodeb4
*—— o—
- >« >e > Chromium reads
> o B ->4- > PP P
e ! > ¢ > < PP PE | > > <

I N R B

Head : Tail Head - Tail =
@ ' Draft genome %
=
Sequence A | Head Tail Sequence B | Head Tail % o E
T-H = 83
Barcode b1l 0 2 Barcode b1l 2 0 P2 _,,_./‘:[U\_\
Barcode b2 0 2 Linis Barcode b2 2 0 bl T): 2 4B, H): 2
Barcode b3 1 2 i Barcode b3 3 0 b2(|(4, T): 2|(B, H): 2
Barcode b4 2 0 2] Barcode b4 0 1 b3||(4 D 4 e, i RS R
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-~ 222w
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3, -H
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Scaffolding

Optical Mapping by BioNano Linked read sequencing
By Chromium 10X

Wy ir IL‘ *.;A'lu w'

v'b" € 700 800 §00

Two enzymes, 300X coverage 100X illumina coverage

+

N50: 34 Mb .
Genome in 40 scaffolds N 50 - 45 M b
Genome size 826 Mb 99% Ggenome in

30 scaffolds
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Chromosome 12 is in one scaffold

: | | SL3.0_Ch12

micCh12
N
‘:
—2

SL_mic1.0_Ch12
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Assemblies metrics comparison

Plots: Cumulative length MNx GC content

900Mbp PacBio_denavo
TenX_denova
PacBio_denovo_Bionano
800 TenX_denova_Bionona
PacBio_denovo_TenX_ARCS
TenX_denovo_TenX_ARCS
PacBio_denovo_Bionano_TenX_ARCS
700
600
500
400
300
200
100
0
0 3200 6400 9600 12800 16000 159200 22 400th contig
Cantigs are ardered from largest (contig #1) to smallest. = [oon
= ¢
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Assemblies metrics comparison:
What is the best combination / low price?

PacBio
PacBio TenX Bionano
PacBio_ TenX_ TenX_AR TenX_AR TenX_AR
PacBio TenX Bionano Bionona CS CS 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 | 795Mb | 812Mb | 877 Mb | 793 Mb | 795 Mb | 812 Mb
Largest contig 13628425(11337354 159878527 (51292213129789711 (11337354 169682238
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 €€E€ € €€EE€ €€ €€E€ € €EEEEC
%.é%BL](UMR990, Laboratoire GBF Journée Long Read, 28 novembre 2017 fg; |N|?A




Anchoring scaffolds on chromosomes:
Pseudomolecules construction

- Mapping the 2000 markers on the scaffolds
- Ordering the scaffolds pseudomolecules  viewing chr 7 of map Kaziisa F3-3000 aeneticmag [Help]

[l / falatedi ]
by TG0 56 .53 /,_ TEI193 #
TG418 57.38 / TESZ63 ®
A3 .63 Tigzd #
TES407
20+
tmade—
. TGES492—
markers Marker collections 1 TE51411
Chromosome 1 250 Cos 195 TES1146
Chromosome 2 182 COSII 111 a0k TOETE- 63.72 TES146d #
Chromosome 3 191 cTOB-9-03—
Chromosome 4 171 Total: 306 TES1337 = o TES1074 @
Chromosome 5 160 ]
Chromosome 6 156 TEI193— =
Chromosome 7 148 Protocols Bl £3.271 TES1708 #
Chromosome 8 149 SNP 138 - TGE1187 #
Chromosome 9 179 SSR 1250 e = TESENS @
known 682 TE438— = -
Chromosome 10 158 un — _-TGEEZ1
Chromosome 11 155 80T — :TiSEE .
Total: 2070 T1257 ®
Chromosome 12 170 " — —TEI305 #
] — TGA3E @
Total: 2070 - “TEISL0 ®
TG499— =
100+
L
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Chromosome 2 S50 Cho
— L @ | —

/

SL_mic1.0_Ch2
/
N
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Annotation

—



Tomato EugenEP pipeline

8-l
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; RNAseq: velvet based raw assemblies =t A
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Annotation by transcripts evidence using TomExpress data

TomExpress, a unified tomato RNA-Seq platform

Ve Tom ExpreSS for visualization of expression data, clustering

and correlation networks
Zouine et al., 2017, the Plant Journal (online)

Visualize and analyse tomato RNA-seq data

Plant and fruit Development

29 projects Pollen

- Trichomes
222 conditions Tomato mutants

Different cultivars Hormones treatments

Biotic interactions
80 O samples (fastq sequence files) Laser capture

De novo assembly and curation of Rna-Seq data
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Jbrowse: Exploring annotation

Available Tracks Genome Track View Help
¢ filter tracks 0 10,000,000 20,000,000 30,000,000 40,000,000 50,000,000 60,000,000 70,000,000 80,000,000 90,000,000
* Reference sequence 1 @ @ Q Q a Q SoL‘,r_rnic1.0.ch01| ~ | Soly_mic1.0.ch01:77244651..77298350 (53.7 Kb) Go B
. 77,250,000 77,262,500 77,275,000 77,287,500
Solmic1.0 (7Y Soly_mic1.0/ch01g0024541 Soly_mic1.0.6h01g0024571 -
> e 3 | Selmicl-Oieenes medels.1.0 Soly_mic1.0.ch01g0024541 SoLy_mic1.0.ch0190024571
Soly_mic1.0.cnl 190024531 HH— L +— H—aH——HH- Soly_mic1.0.chd g ! - -
~ GBF 1 SoLy_mic1.0.ch01g0024531 SolLy_mic1.0.ch01g0024561
HHEH—n Soly_mic1.0.ch0190024551 .
sol_mic1.0/genes_models_1.0 SolLy_mic1.0.ch01g0024551
> [TAG 2
ITAGZ.4_cdna T T 1 1 1 T T
ITAG3.2_cdna
i Sol_mic1.0 Zoom in to +e sequence Zoom in to +e sequence Zoom in to +e sequence Zoom in to +e sequence
|
~ Protein bank 8 @ acz FEOPE70021 | | S Soyco1goesTe0z! NN SOycO1gEsT40:2.1 t H—H
) Se g 700.2.1 Solye01g086720.2.1 Solye01g086740.2.1
Bdistachyan_192 e —t SolycO1gose71021  HHH—b——FH——+ 1 B W W R SolycO1Q08673021 | 4 Solyc01g066750.2.1
TAIR10 Solyc01g086710.2.1 Solyc01g086730.2.1 Solyc01g086750.2.1
swissprot
» Transcripts 23
1 0.a.1 - Solyc01g086720.3.1 Salyc015086740.3.1 } Hob— 1
- i ITAG3.2_cdna, . 5700.3.1 Solyc01g086720.3.1 Solyc01g086740.3.1
| full length cdna it Soyc010086710.0.1 | 4—H4H—b———H—————— Solc0100867303.1 i SOYCO1gosETS0a1 e
Solyc01g086710.3.1 Solyc01g086730.3.1 Solyc01g086750.3.1
~ GBF TomExpress DRAP n Socotgoae7agtl
P Solyc01g086745.1.1
meta
| 4dpa i 10745 Transcript 1.1 RRETITY S SN 11T TR ST M TH 11 TR (R T SE W all_frut_all «25_Locus| 554_Transcript 3.1 —
4dpa_1_aa g e ] sus_10745 Transcript 1 _1 all_fruit all k25 Locus 554 Transcript|3 1
all_fruits — eaves2_k31_Locus |9418_Transcript 1.1 - all_fruit_all_CL5638Contig!_1 4
bud leaves2 k31 Locus 9418 Transcript 1 _1 all_fruit|all CL5636Contig! 1
| clean genes ali_fruit_al_CL3001Conigi_1 -
flower all_fruit_all_CL3001Contig1 1
"~ | hormones tagii11_k2%_Locus 22405 _Transcript i 1 - HH—H }
leaves tagl111_k25 Locus 22405 Transcript 1_1
merist_wt
_| meristem_gvm & i | k43_Lodus_2733_Transeript_1_1 - Ka7_Locus_12072_Transcript_1_1 ! y
meristem_fm pa_laa Grabilla k43_Locus_2733 Transcript|1_1 k3a7_Locus_12072_Transcript 11
_| meristem_lvm k25 Locus 9160 Transcript 1.1 e -4 +—4 M- K37 _Locus_28061_Transcript| 1.1 -
mef'!ﬁtem_m\’m k25 Locus 9160 Transcript 1 1 e kA7 | Arue 2ANE1 Traneecrint 1 1
_| meristem_sym K25 _Locus 20661 Transcript 1 1 — F) Grabilla |
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Gene models annotation summary

Total number of genes
Number of protein coding
genes

% genes with 5' UTR
% genes with 3' UTR

Number of non coding gene

SL2.5 ITAG2.4 SL3.0_ITAG3.2 SL_mic1.0/annot1.0

39488

34725 35768 36381
34% 49% 70%
41% 51% 1%
3107

'..(;B UMR990, Laboratoire GBF
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Annotation QC using BUSCO

SL2.5 ITAG2.4 SL3.0_ITAG3.2 SI_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
.:CJB UMR990, Laboratoire GBF Journée Long Read, 28 novembre 2017 {; |NQA



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

...(]B UMR990, Laboratoire GBF Journée Long Read, 28 novembre 2017 —;_i |N?A INPENSATY



Tomato genome de novo assembly of wild relatives is

ongoing
‘ e & @ o @
S. lycopersicum 5. galapagense S. cheesmaniae  S. pimpinellifolium  S. neorickii S. chmielewskii
: o
.‘l
abrochaites

/; ’\ ’
S. arcanum S. corneliomulleri  S. huaylasense S. peruvianum S. h

S. chilense
o— >
S. pennellii S. lycopersicoides S. sitiens S. ochranthum S. juglandifolium

International project.

T—="" SCIENCE & IMPACT
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