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Outline
1. Why do we need more genome references?

2. What do we need to generate and study more
(high quality) grape genomes?

3. Where are we now and where are we going?
4. What do we still need?
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The grape genome
PN40024 12X V2 Canaguier et al., 2017
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The first grapevine genomes (2007)

Genomics Data 14 (2017) 56-62
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1. Why do we need more grape
genome references”?
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Di Genova et al. BMC Plant Biology 2014, 147
http//www.biomedcentral.com/1471-2229/14/7 BMC O l I l p S O n e e e S S

Plant Biology

RESEARCH ARTICLE Open Access

Whole genome comparison between table and
wine grapes reveals a comprehensive catalog of
structural variants

Alex Di Genova'?, Andrea Miyasaka Almeida'*, Claudia Mufioz-Espinoza'#, Paula Vizoso™*, Dante Travisany'?,
Carol Moraga'*, Manuel Pinto’, Patricio Hinrichsen®', Ariel Orellana'*" and Alejandro Maass'*> '

Venturini et al. BMC Genomics 2013, 14:41
http//www.biomedcentral.com/1471-2164/14/41

BMC
Genomics

RESEARCH ARTICLE Open Access

De novo transcriptome characterization of Vitis
vinifera cv. Corvina unveils varietal diversity

Luca Venturini’, Alberto Ferrarini’, Sara Zenoni, Giovanni Battista Tornielli, Marianna Fasoli, Silvia Dal Santo,
Andrea Minio, Genny Buson, Paola Tononi, Elisa Debora Zago, Gianpiero Zamperin, Diana Bellin,
Mario Pezzotti and Massimo Delledonne”

The High Polyphenol Content of Grapevine Cultivar Tannat
Berries Is Conferred Primarily by Genes That Are Not Shared
with the Reference Genome”

Cecilia Da Silva,>' Gianpiero Zamperin,?-! Alberto Ferrarini,® Andrea Minio,? Alessandra Dal Molin,? Luca Venturini,®
Genny Buson,® Paola Tononi,® Carla Avanzato,® Elisa Zago,®? Eduardo Boido,® Eduardo Dellacassa,®
Carina Gaggero,® Mario Pezzotti,® Francisco Carrau,© and Massimo Delledonne®-
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w3 Categorization of the 1,873 genes not shared with PN40024.
g2 Number of genes found in common among Tannat, Corvina,
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2. What do we need to generate and study
more (high quality) grape genomes?
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The challenge of heterozygosity
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Minio et al., 2017

10



= & ENOLOGY UCDAVIS

UNIVERSITY OF CALIFORNIA

The challenge of heterozygosity

Wild grapes are dioecious

I\/IAyValke,- F,H P

- Obligate out-crossers, so highly heterozygous
- High recessive load and strong inbreeding depression

- Hermaphrodites are rare in the wild since selfing expresses
deleterious recessive alleles

11
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Cultivated varieties are hermaphroditic, but
suffer of inbreeding depression

Examples of “famous crosses”

Pinot

Seémillon \
— : Chardonnay
Riesling Gouias blanc

o Bowers et al., 1999 Science

Aligoté /

Carménere Sauvignon Blanc

! /

Cabernet Franc —-{ Cabernet Sauvignon

l Bowers and Meredith, 1997 Nat Genetics

Merlot

12
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Cultivated varieties are hermaphroditic, but
suffer of inbreeding depression

Deleterious alleles

Forward simulations under a model of recessive selection for
three demographic scenarios and two mating systems.
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First attempts to
assemble
Cabernet

Sauvignon
(~2012)

Seq Assembler Assembly N. contigs NG50
technology size

lllumina PE SOAPdenovo?2 631 Mb 994,414 2,325 49,584
lllumina PE SPAdes 482 Mb 245,348 7,719 15,644
llumina PE + Celera 574Mb 154,787 24,598 5,501
PacBio (5x)

14
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2. What do we need to generate and study
more (high quality) grape genomes?

a) Better sequencing technologies: longer reads
(single molecule real time, nanopore), optical
maps, and long-range scaffolding/phasing

b) Methods to extract pure and high-molecular
weight DNA from grape tissue

c) Assembly algorithms that enables the
assembly of highly contiguous diploid
genomes

15
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Common assemblers
¥ SNPs Contigs break at loci of

heterozygous structural variation

—..I..—I—..._I—.-
Haploid consensus
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Initial assembly graph
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Chin et al., 2016 Nature Methods

Updated
primary
contig

Falcon-unzip
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Phase heterozygous SNPs and
identify the haplotype of each read

Haplotype-resolved assembly graph
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Sauvignon |
Blanc

Cabernet
¥l Sauvignon

Bowers and Meredith, Nat Genetics 1997



= & ENOLOGY UCDAVIS

== UNIVERSITY OF CALIFORNIA

Grape Genomics VITICULTURE

14M Primary | Haplotigs
\ contigs

o | # of Contigs 718 2,609
| Assembly Size (Mb) 591 372
“.\ N50 size (Mb) 2.17 0.768

Cumulative contig size
' relatlve to genome size (480 Mb)

8M

&M -

Contig size (Mbp)

Seq technology Assebler Assembly size N. contigs NG50

lllumina PE SOAPdenovo? 631320289 994 414 2325 49,584
lllumina PE SPAdes 481817163 245348 7719 15.644
lllumina PE + Sslars 573.589.710 154,787 24508 55091
PacBio (5x)

PacBio .

50430 kb lipy FALCON-unzip 590,964,935 718 2767687 53
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Assembly N50 (L50) N90 (L90)
(Mb)

Contigs 2.17 Mb 0.42 Mb
(72) (300)
Scaffolds (i) 592 330 9.4 Mb 0.96 Mb
(21) (87)
Scaffolds (ii) 592 246 11.3 Mb 1.7 Mb
(19) (66)
Scaffolds (iv) 559 182 11.8 Mb 2.8 Mb
(18) (52)
Hyperscaffolds ALT1 443 56 16.5 Mb 6.9 Mb
(11) (26)
Hyperscaffolds ALT2 330 33 14 Mb 6.1 Mb
(10) (23)

Optical maps (phasing and scaffolding) U

Alignment to PN40024 and pseudomolecules

20
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68% of the whole genome is phased in two haplotypes

Assembly Size (Mb) m.mm

ALT 1 455.7 14.2 (3.1%)
ALT 2 310.0 19 422 13.5 (4.3%)

Protein coding sequences _
s s
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Structural comparison between homologous chromosomes

Chromosome 08

CS Chr_08 ALT1

23

CS Chr_09 ALT2

Chromosome 09

CS Chr_09 ALT1
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3. Where are we and where are we going?

24
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Pé agudo

ss=s Sibiing or equivalent
mmmm Parent-offspring

Myles et al., 2011 PNAS

Fig. 3. Network of first-degree relationships among common grape cultivars. Solid vertices represent likely parent-offspring relationships. Dotted vertices
represent sibling relationships or equivalent. Arrows point from parents to offspring for inferred trios (details are provided in Materials and Methods).
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Optimization of SMRT sequencing and FALCON assembly
Different coverage (5x - 115x) and assembly parameters

ILETIY 1 7-Full_masked/2-asm-falcon.10Kb.h256/p_ctg.fa.stats
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EypAesild 1 0-FullDataset/2-asm-falcon.15Kb.h128/p_ctg.fa.stats
1_1-100/2-asm-falcon.15Kb.h512/p_ctg.fa.stats
IGELRILE1Y 1_1-100/2-asm-falcon.15Kb.h1536/p_ctg.fa.stats
447 i 1_1-100/2-asm-falcon.15Kb.h256/p_ctg.fa.stats
IEELReYald 1 1-100/2-asm-falcon.15Kb.h1024/p_ctg.fa.stats
1_1-100/2-asm-falcon.15Kb.h150/p_ctg.fa.stats
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Contig length (Mbp)

10 20 30 40 E 60 70 80 90 100

NG values (relative to 480Mb genome size)



Number of alleles

480,000

240,000

120,000

60,000

30,000

Composition (%)

& & ENOLOGY UCDAVIS

UNIVERSITY OF CALIFORNIA

Expanding the gene space

/

1 genotype 2 genotypes 3 genotypes 4 genotypes 5 genotypes 6 genotypes

PN40024.gvV2.aV3 + Corvina + Tannat + Cab. Sauv + Chardonnay + Zinfandel

100 -

©
(o%]

94 -

92 -

90 -

LT

Core (shared by all) . Variable (shared by at least 2 genotypes but not all)

. Unique (only in one genotype)
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Genomic structural variation

SNPs + indels* SVs*

N. variants in V. vinifera spp. sylvestris 5.36 M 0.21 M
N. variants in V. vinifera spp. vinifera 491 M 0.19 M
Total size 7.44 Mbp 14.28 Mbp

* relative to Chardonnay

8e-05- n
SVTYPE [ |DEL| _|IDUPL_JINV
6e-05-
@2
c
g 4e-05-
(&)
2e-05-
Oe+00- .
0 50000 100000 150000 20000C

Length of SVs(bp)
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What’s Next? North American Vitis

V. girdiana
_EV. flexuosa
V. treleasei
V. rupestris
_E V. riparia
V. acerifolia
V. atizonica
— V. blancoii
V. bloodworthiana
V. california
V. monticola

V. labrusca
V. vulpina
V. aestivalis

18 my
T V. cinerea

V. biformis

V. palmata

V. shuttleworthii
V. mustangensis A. Pierce’s Disease
V. nesbittiania ol T}/ o 4/
V. popenoei PA =
V. rotundifolia

74+
.‘;
A

Wan et al. BMC Evol. Biol., 2013
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Ren4
Ren2 Renb Ren1 Uy

V. cinerea x V. sylvestris/vinifera
V. rupestris R u n 1 R en 6
Ren3 p, .9 Ren7

american sp. V. piazeskii
('Regent’) M. rotundundifoila

Grape Genome )
o el el ses e s Ao o E Lo
Chrol Chro2 Chro3 Chro4 Chr05 Chrog Chro07 Chrog Chros Chrl0

USDA -
— R .

NIFA ¢ . k -
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Isolates A_ssembly Numb_er N50 (Kb) Number of Citation
sequenced size (Mb) of contigs genes

Species Disease

Blanco-Ulate et al., 2013a

Eutypa lata Eutypa dieback 1 54.5 10 HRAZN 15313 Morales-Cruz et al., 2015

Blanco-Ulate et al., 2013b

Neofusicoccum  Botryosphaeria 16 43.7 27 255542 13,124 Morales-Cruz et al., 2015

parvum dieback Massonnet et al., 2016
. Blanco-Ulate et al., 2013c
FIRECEBEIONIT  mo o oo 5 47.3 24 5520.70 14,790 Morales-Cruz et al., 2015
minimum Massonnet et al., 2018
Phaeomoniella ¢ mplex 2 275 702 178.60 6,986  Morales-Cruz et al., 2015
chlamydospora
Diplodia seriata Bm%‘;f)‘;tie”a 1 37.1 695 304.20 9,398  Morales-Cruz et al., 2015
Diaporthe ampelina Pg‘i’ergggi's 1 47.4 2,392 132.30 10,801 Morales-Cruz et al., 2015
Erysiphe necator Powdery 5 52.5 5,936 214 6,533 Jones et al., 2014

mildew
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Dr. Abraham
Morales-Cruz
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meta-DNA-seq
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. . . . Total
Samplmg genet’c diver. S’ty Host Host Species County Agressivness Assembly gl:::::; d:f N50 (Kb)
: Multiple Size (Mb)

Multiple hosts - Different virul Grape Vitis vinifera Napa Co. low 54.52 789 275.15
) vag  9eographical  Differentvirulence o Vitis vinifera Napa Co. high 54.46 819 284.26
- locations strengths Apricot  Prunus armeniaca  Napa Co. high 54.27 721 284.26

Apricot Prunus armeniaca Napa Co. low 54.40 675 264.43
Willow Salix sp Napa Co. unknown 51.50 787 290.78

Grape Vitis vinifera San Benito Co. high 54.39 663 282.35

Grape Vitis vinifera San Benito Co. low 54.48 739 264.69

€ Apricot Prunus armeniaca San Benito Co. low 54.58 905 245.54
‘E, o Apricot Prunus armeniaca San Benito Co. high 54.67 888 245.95
memes \Willow Salix sp San Benito Co.  unknown 54.59 778 239.54

Gene cluster conservation across isolates

Isolate specific
ra N | genes
1solate
2 { i (2.48%)

an .

g °

@ 4+ |

AAQ family ES302.7.7941 AAQ 6 s l .
gene member  |eL1.72.913343 AA9 « CAZvme with Auxiliary Activity K] Variable genome
EN210.1.g187 AAG — 6 l (240%)
ES015.12.911084 AA9 « Copper-dependent lytic o
EAIA guia AL polysaccharide monooxygenases - 7- .
EN310.79.91171 AA9 (LPMOS) q)
EN021.3.g685 AAS @ O s- .
Eiﬁg;:;i:i; xg * Cleaves cellulose chains with E
ENOOS- A oxidation of various carbons (C-1, S5 9 -
oo C-4 and C-6) Z
EI EN209 br gene g3749.11 - " 10 - _
ES012.72.2287 AA9 Core genome
o N | (65.4%)

0% 10% 20% 30% 40% 50%

Morales-Cruz et al., in preparation 34 Shared orthologous genes
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The take home message

We are going toward one (diploid) genome
reference per grape species/cultivar/accession.
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What do we still need?

1. Data sharing, organization, and retrieval

2. How do we ensure that results are comparable
across experiments?

3. Bioinformatic tools with diploid references

4. Data visualization: from “genome-browsers” to
“multiple haplotype-browsers”
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