=2 An integrated meta-QTL and

transcriptomic data mining approach to
select candidates controlling veraison time
in grapevine

Diana Bellin

Department of Biotechnologies, University of Verona



QTL studies: 180 mapped QTLs related to phenology are available

?;;::Zg: Gf:; tri;:rcwgp Cross Female Parent  Male Parent 1‘;: Z Pop Size ZtZ;::rgfg
Ban et al. 2016 Ban et al. 2014 line 693 626-84 Iku82 F1 98 5
p : g );Zecsisngg’l 5 Ba);ZeCscilsngg,lghD MN x SY Monastrell Syrah F1 229 23
Picpgr:;ZZnggl’ 5 Plfgr;:Zsoinggi 5 RSx M Ruby Seedless Moscatuel F1 78 19
Cosmgéget a. Coswgég’;et . I x BP Italia Big Perlon  F1 163 15
Duchzécr);fzet al Duchzéglezet al. RI x GW Riesling Gewdlrztraminer F1 188 22

Fochter et al. F eCh;g;Zt 9 \3125xBorner V3125 Borner F1 202 9
2014 2yp g‘;’;gt al. (i/f{ﬁaar’d“z;gicx GfGa-47-42  Villardblanc  F1 151 22
G szkZ(‘”)’l’gk et C"Staggl”; etal SY x PN Syrah Pinot Noir  F1 170 24

Megg ;; al Mejia et al. 2007 RS xS Ruby Seedless T:::;f::sn F1 144 3

Via;’g le3t 9 Vianaetal 2013 AT0023 D8909-15 B90-116 F1 203 9
Zhao et al. 2015 Zhao et al. 2015  ‘87-1' x 9-22’ 87-1 9-22 F1 149 2
Zhao et al. 2016 Zhao et al. 2016 ~ ‘87-1' x ‘9-22' 87-1 9-22 F1 149 5

Zyp r;‘g;gt al. 2Zyp r;%’;gt a. ffi‘ﬁaar':;jicx GfGa-47-42  Villardblanc  F1 151 26
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Building of a grapevine genetic consensus map
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The genetic consensus map was built from 39
different genetic maps derived from 30
independent crosses:

-1922 cM total map lenght

-3130 markers

-each LG had 101 cM average length (164
markers)

-1209 markers were shared by at least two maps
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Distribution of Veraison QTLs and Meta-QTL analysis

* 45 veraison QTLs from independent studies were successfully
projected on the consensus map

* Overlapping QTLs from independent studies were found on

LG1 and LG2
META-QTL ANALYSIS
determine if N-QTLs are best
consistent with 1 to N QTLs model
. . QTL
Peak Original .
LG Meta-QTL Position R? ?::/:; (Erl::) QTLs co- S(E:)dlsr Traits
(cM) located " .. P
ations)
|  wver11 3129 0,11 29,15 33,43 3 2 VT
il ver_ 2_1 31,34 0,17 28,79 33,89 7 2 VB, Vr
ver 2 2 41,55 0,13 40,00 43,30 4 3 Vr, VB, VE, VT
ver_ 2 3 53,47 0,34 52,88 54,07 5 3 Vr, VE, VP

Biomercator V4.2 (Sosnowski et al., 2012)

AVERAGE GENETIC INTERVAL REDUCTION OF 5x



Distribution of Phenology associated QTLs and co-location to
Veraison QTLs

* 108 additional phenology associated QTLs were
projected on the consensus map

b :
Iy ; * Co-localization of other phenology associated
' /,,. % X QTLs with veraison QTLs was highly significant
| (p<0,01, ¥? test)
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Meta-QTL analysis using veraison or phenology related QTLs
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identify similar genetic intervals
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— } Peak -
[ Meta- Posei:ion Start | End |
arL |"Cay| M) | (ew)
L ver 2 1 | 31,34 | 28,79 | 33,89 -
ver_2_3 53,47 | 52,88 | 54,07

d

M

Peak

Start | End
Meta-QTL | Position
(cM) (cM) | (cMm)
pheno_2 1 | 31,22 | 30,03 | 32,42
pheno_2 3 | 48,83 | 46,52 | 51,14
pheno_2 4 | 53,60 | 53,01 | 54,19




Distribution of Phenology associated QTLs and co-location to
Veraison QTLs

* 108 additional phenology associated QTLs were
projected on the consensus map

* Co-localization of other phenology associated

QTLs with veraison QTLs was highly significant
(p<0,01, ¥? test)

| .

«Second round» QTL meta-analysis (Shi et al., 2009)
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Second round Meta-QTL analysis

Peak
Start End Original QTL TL Studi
LG Meta-QTL Position R? ar A riginal QTLs - Q u. es Traits
(cM) (cM) co-located (Populations)
(cv)
]| pheno_3 1 27,67 0,15 24,43 30,92 5 3 VT, SSC, Bpc
pheno_3 2 50,42 0,14 45,30 55,54 4 3 VT, SSC, Bpc, BB
Vv pheno_5 1 50,97 0,09 49,77 52,18 3 2 VT,F-V, Ma
VI pheno_ 7 1 9,59 0,16 7,58 11,60 2 2 VT, Fw
Xl pheno_11 1 16,15 0,11 15,01 17,30 4 2 FBL, FS, Tar/Ma, VT
Xl pheno_12 1 77,85 0,19 74,31 81,40 2 2 VT, RT
Xiv pheno_14 3 55,03 0,22 51,45 58,62 7 4 B-F, FS, FT, VT
XVI pheno_16 2 34,70 0,31 32,53 36,88 4 2 F-V, VT
pheno_16 3 38,49 0,38 36,49 40,50 5 2 F-V, VT
XVIl  pheno_17 1 48,83 0,13 45,12 52,54 6 3 FBL, FS, RDA, VB
pheno_17 2 61,83 0,11 61,46 62,20 7 4 FBL, FS, RDA, VB, F-V
XVIl  pheno 18 1 3468 0,17 2821 41,15 2 2 VT, FT
pheno_18 3 66,33 0,13 60,57 72,10 4 3 VT, FT, F-V

VB Veraison Beginning, VT Veraison Time, SSC solubile solids concentration, Bpc Brix per cluster, BB Bud Burst, F/V Flowering -
Veriason, Ma malic acid, Fw Flowering, FBL Full Bloom, FS Flowering start, FT Flowering tme, RT ripening time, RDA Ripening date,

AVERAGE GENETIC
INTERVAL REDUCTION
OF 2x
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Anchoring grapevine genetic consensus map to genome
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1055 markers (315 SSR and 740 SNPs)
were anchored to the 12X.v2 assembly of
the grapevine genome
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Positional candidate genes for veraison Meta-QTLs

Meta-QTL

LG |Meta-QTL Start (bp) | End (bp) | Positional

Candidates
I ver_1_1 2510506 | 3254952 78
il ver_2_1 4029921 | 5344816 147
ver_ 2 2 5717649 | 7154894 96
ver_2_3 13336750 | 16677137 94
1 pheno_3 1 560404 | 1647064 138
pheno 3 2 | 5903464 | 10894193 288
Vv pheno_5_1 16799689 | 19536797 111
Vil pheno_7_1 1087707 | 1552842 59
XI  |pheno_11_1 | 2934932 | 3356851 50
Xl |pheno_12 1 |23793458 | 24155112 27
XIV |pheno_14 3 (22441297 | 24645689 157
XVl |pheno_16_2 | 14012548 | 16583139 126
pheno_16_3 | 16503904 | 17318604 51
XVIl |pheno_17_1 | 4969509 | 6401642 113
pheno_17 2 | 8920888 | 9063993 12
XVIIl |pheno_18 1 | 1836848 | 5349350 322
pheno 18 3 | 10927035 | 15526564 330

* Meta-QTL analysis of veraison QTLs allowed a 4x

candidates reduction on LG1 and LG2

 Second round meta-QTL analysis allowed a 2x candidates
reduction on further locations

Positional Candidate Genes Reduction
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Candidates from transcriptomic data analysis
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Barbera  Negroamaro  Refosco

‘% 5 grape red varieties

Sangiovese Primitivo

5 grape white varieties

Palumbo et al., 2014; Massonet et al., 2017

¥

Selected 1478 candidates
differentially expressed across
veraison in all varieties

AR LEEEEEEXXY

Cabernet sauvignon

Pinot noir

Fasoli et al., in press

¥

Definition of «molecular veraison»

¥

Selected 1750 candidates for which
the highest expression change was
across the molecular veraison



Candidates selected by integration of positional and transcriptomic data
(VERAISON META-QTLS)

* 61 candidates were selected by integrating EXPRESSION data UNDER VERAISON META-QTLs LG1 and LG2

« Among these 11 candidates were differentially expressed across veraison in both dataset

Chr N°of candidates Annotation
ERF/AP2 Gene Family (VVRAV1)

Zinc finger (C3HC4-type ring finger)
Constans-like 16
Alpha-glucosidase
1-aminocyclopropane-1-carboxylate oxidase
Dehydration-responsive protein
Geraniol 10-hydroxylase
Glyoxylate reductase
Invertase/pectin methylesterase inhibitor
NAC domain-containing protein (VVNAC13)

2 47 Phenylpropanoid:glucosyltransferase 2
Senescence-inducible chloroplast stay-green protein 1

Vacuolar invertase 2, GIN2 Identification of Myb
VvMybA1l « as
VvMybA2 - transcription factors at the
VVMybA2 (C-term) berry color locus validates the

VvMybA3 approach

1 14




Chr N°of candidates Annotation

Basic Leucine Zipper Transcription Factor (VvbZIP05)

Zinc finger protein 4

Ca n d i d ate S S e | e Cte d by Lateral organ boundaries protein 38

3 51 Aquaporin PIP PIP1A

Limonoid UDP-glucosyltransferase (VvGT2)

i nteg ra t i O n Of p O S it i O n a | a n d indole-3-acetate beta-glucosyltransferase (VvGT3)

Serine carboxypeptidase S10 / Anthocyanin Acyl-transferase

: : Sucrose-phosphate synthase
t ra n S C rl pto m I C d a ta 5 10 Xyloglucan endotransglucosylase/hydrolase 23

UDP-glucose:flavonoid 7-O-glucosyltransferase

(PHENOLOGY META QTLs) B —

COBRA protein

14 27 - - -
feronia receptor-like kinase

Auxin-independent growth promoter

Brassinosteroid-6-oxidase

Pectinesterase PME3

e 218 candidates were selected by integrating 16 17 - frfct?\';i'}j\sséZVABCBB)
ransporter (Vv - VV

EXPRESSION data UNDER PHENOLOGY RELATED UDP-glycosyltransferase 8982

Sterile alpha motif (SAM) domain-containing
M ETA_QTLS 17 18 Squamosa promoter-binding protein 6 (SPL6)

Alpha-1,4-glucan-protein synthase 1

COBRA-like protein 4

Basic Leucine Zipper Transcription Factor (VvbZIP50)

Zinc finger (C2H2 type) family

 Among these 39 were differentially expressed Homeobox-leucine zipper protein ATHES

across veraison in both dataset Gibberellin 20 oxidase 2

Gibberellin-regulated protein 1 (GASA1)

Beta-galactosidase BG1 [Vitis vinifera]

Endo-1,4-beta-glucanase

18 74 Alpha-L-fucosidase 2 precursor

Sucrose-proton symporter 2 SUC2 (SUT2-2)

Hexose transporter HT2

Trehalose-6-phosphate phosphatase

MATE efflux family protein ripening responsive

L-ascorbate peroxidase, chloroplast

Gaiacol peroxidase




Defining an association study suitable panel: phenotypic data

CREA-VIT Conegliano collection includes over 1000 Vitis vinifera accessions

All these have been phenotyped over 20 years concerning for FLOWERING BEGINNING and VERAISON BEGINNING

FLOWERING BEGINNING

VERAISON BEGINNING

FLOWERING-VERAISON
INTERVAL
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Assessment of the germplasm genetic diversity for developing of a
«core collection»

* The collection has been previously genetically characterized with 32 SSRs (Cipriani et al., 2010)

* Previous data and new genetic data at further 13 SSR identified 617 unique Vitis vinifera accessions, allowed to reveal
a population genetic structure and to build a representative «core» collection

1.00
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0.40 K= 2

Core collection for association
studies at candidate genes (n=50)

0.20

0.00

1 2 3

STRUCTURE 2.3.4, Pritchard, Stephens & Donnelly

O
10 4 54
Groups from O ® ALL
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0- Admixed
@ B

PCA1

Core Hunter 3, De Beukelaer 2018



Conclusion and Perspectives

* Integration of QTL studies and meta-QTL analysis on overlapping phenology related QTLs
allowed to reduce till 4x number of candidates underlying veraison QTLs

* Integration with expression data allowed to select a main set of 278 candidates



Conclusion and Perspectives

Integration of QTL studies and meta-QTL analysis on overlapping phenology related QTLs
allowed to reduce 4x candidates underlying veraison QTLs

Integration with expression data allowed to select a main set of 278 candidates
A genetic diversity panel based on a large germplasm collection widely fenotyped for

veraison time is being builded

Association analysis will be applied on the selected candidates
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Expression along berry development of selected candidates

FK506—bindin% protein genes iamllﬁ (VVFKBP13)
Fructose-bisphosphate aldolase, chloroplast precursor

Unknown protein

Adenylylsulfate kinase 1 (AKN1)

Abnormal floral organs

Putative MADS-box Fruitfull 2 (VviFULZ2)

Phospholipase C

2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferase
Receptor protein Kinase

Subtilase

‘MR IR R NE R AR EEEEEDE Time_Point
I Pectin methylesterase inhibitor 4 [ pea

Invertase/pectin methylesterase inhibitor 5 =;c;l::h
Stearyl acyl carrier protein desaturase . Harvest
Xyleglucan endotransglucosylase/hydrolase 30

Zinc finger (C3HC4-type ring finger)

Cellulase )
Phosphatidylserine synthase 2

CYP71B35 I 4

Lateral organ boundaries protein 38

Bifunctional nuclease

CYP78A4

UDP-glycosyltransferase 85A1

UDP-glycosyltransferase 85A1

NAC domain-containing protein (VVNAC13)

Zinc finger protein 4

VvMybA1

VvMybA2 (C-term)

VvMybA2

VvMybA3

Phosphopyruvate hydratase

Gibberellin-regulated protein 1 (GASAT1)

LOL1 (LSD ONE like 1)

Aquaporin PIP3

Cis-zeatin O-beta-D-glucosyltransferase

Zinc finger protein 4

Senescence-associated protein

Unknown protein

Auxin-independent growth promoter
Beta-D-xylosidase

Brassinosteroid-6-oxidase

Phytochelatin synthetase

Protein kinase

Peptidase, trypsin serine and cysteine proteases
Exocyst subunit EXO70 E1

Thylakoid lumenal 29.8 kDa protein

Unknown protein

Ferredoxin:nadp+ Oxidoreductase (PETH)
Microtubule associated protein (MAP65-6)
Alpha/beta hydrolase fold

RNA recognition motif (RRM)-containing protein
ACT domain containing protein (ACR4)
ADP-glucose pyrophosphorylase large subunit Cagpl2
Protein disulfide isomerase

Unknown protein

|sopiperitenol dehydrogenase

LIM domain protein WLIM1

KUP11 (K+ uptake permease 11}

5' nucleotidase

Zinc finger protein 4

Expansin (VVEXPA19)

Unknown protein

Unknown protein

Early-responsive to dehydration protein / ERD protein
CYP76B1

Sucrose-phosphate synthase

Glyoxylate reductase

Dehydration-responsive protein

Proteasome 265 regulatory subunit S3 (RPN3)
UDP-glycosyliransferase 85A1
Calcium-binding EF hand

Glycoprotein 3-alpha-L-fucosyltransferase

Rad54
Basic Leucine Zipper Transcription Factor (VvbZIP50)
> Phosphopyruvate hydratase
0 Q Vacuolar sorting receplor 6

Xyloglucan endotransglucosylase / hydrolase 30
& VvMybA2 (C-term)
@ VvMybA2

14-3-3 protein GF14 kappa (GRFS8)

Unknown protein
CXE carboxylesterase {CXE10)
Carboxyesterase 12 (CXE12)

0 0 0 0 @ d 0 o Acetyl-CoA synthetase
$ $ S g ¢

O N Q@ B S O A Do
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Observed Shannon-Wiener Nei’s 1978 Evenness
Alleles index gene diversity

Collection 8.177778 1.4257829 0.6758308 0.7573433
(n =528)
Core (n 8.177778 1.4789981 0.6837370 0.7262705
= 50)

10

5-.
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0 L R CORE

B
-5
(IJ 5 1'0

PC1

per calcolare la core
candidate genes sono
partito dai 530 di
conegliano e con il solito
metodo ho trovato i 50
individui piu
rappresentati. tra questi
ricorrevano sempre
zappolino e spagna
bianca, per i quali ho
pochi dati fenotipici. per
provare a includere
individui per cui ho dati
fenotipici, ho rimosso
qguesti due dai 530 di
partenza e ho ricalcolato
la core. sempre 50
individui per
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