The future of grape breeding:
theory and technology

ZhenchangLiang

ZL249@ibcas.ac.cn

Insitute of Botany, Chinese Academy of Sciences

XIl GBG, Bordeaux, 07/17/2018



Challenges

THE KEY TO THE CLIMATE

Variations in average sea surface temperatures (SSTs) underlie much of the year-to-year variation in atmospheric temperature

and rainfall. In this satellite imagery of SST anomalies, taken during January 1998, you can see the very strong € Nio that
helped make it one of the warmest years on record
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The probl emé.

U High cost, e.g. buried and dug fee accounted for
50% total cost-@,000%/Ha in north of China)

U Low quality, decrease yield, berry qualdt; al
U Food safety, pesticide residue

IIIII

The improvement of crop system can not
fundamentally address these problem.



Harmonious growth and good
phenotypes




To elucidate grapecgendticldiversityyweare
building: a grape data jplatform

1a RNA-seq of core collection

Genotype

data 2a Genome

o 3a Re-sequencing of important collection
ur

data 4a High density genetic maps

henotyp 5a Berry qualities

Data data 6a Botanical CharacterS phenological , anti
Platform stress

7a Wine industry” climatea soila trade”

Public

1a Public data (NCBI,FAO ¢é ¢é)
data {

2a Upload data
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gibberellin signalling components in Vitis
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Data 1: RNA-seqof core collection (51
accessions 1.5T)
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Data 2: Genome Data V. amurensig

Why is V. amurensi€

U Originate in North -east Asia
U High anti-cold and disease
U Close toV. vinifera

U Used in production

Hiseq2500(200X)+Pachio(30X)+Bionand >150KB, 200G)+HiC (100X)



Data 3: Resequencing47/2 accessions,
Coverage >15X)

Wild Vitis species Domesticated Vitis cultivars

WEU
- Domestication Time
1 species (6,000-8,000 YA)

Vitis accessions in this study

WEL: 1 species, 64 accessions

WHNA: 21 species, 31 accessions

CEU: 1 species, 220 accessions

Vitis

ancestor CEU
& g
rs
WNA

70 60 50 40 3.0 20 1.0 0 MYA

wild Eurasian speciéd/EU(Groupl),

domesticated grapevine cultivats=U (Group2)

interspecifiehybrid grapevine cultivars were classified into two separate cluste
Group3 and Grougpb HYB

wild North AmericanVitis speciesSNVNA (Group4)

wild East Asianvitis speciesSVEA (Group6),



Data 4: High density genetic maps

AMethods:RADseqor GBS
AHigh quality SNP: >2000

Zhi68XBH BHXES || ConcordXBG BFX334 BFXYan73
Resveratrol| | sugaa Anti-cold sugan Fresh
acids stress acids color
anthocyan reipening anthocyani
Insa tanina and Fox nsa
anti cold taste terpenes
stress




Data 5: Berry traits (>200 accessions)

Outer of berry

shapa colora weight
Metabolites

sugafa acidsx volatilesa

polyphenola ascorbic acid

animoacids etc.

Including® varietya dataa peoplea timea positiona
methods



Data 6: Botanical traits

Phenology

growth potentiaa buddinga
floweringa fruit settinga
verasiom ripening etc

Anti stress
colda head droughi

disease etc.




Data 7: Wine industry

Variety

Cropload

Manage

Production

Rainfall

Sunshine

\—'—I

Manage system

Temperature‘

Humidity

climate b{

lerarles
and
Models

}, Soi

Position

pH value

component

water

Wine industry




Data 8: Public data

142 plant genome including 4 grape genome
1992 grape RNAseq(A grape transcriptome
databas@ttp://grapeworld.org/g)/

136 grape microRNA
24 grape DNAmethlylation
Grape industry data



Developing many new DNA markers/candidate
genes linked with traits. e.g.

AMany candidate genes linked with onset of ripening

Comparativeranscriptomicsnalysis TEEREE i T,
(GH VS Veraision):
2077 DEG3an 80% accessions,

1482 downregulated, 595 up regulatec

325 HDEGS >3fold” 147 down EE
regulated (related to growth and At
development), 88 upegulated (related
to metabolismand stresgesponses)

BRNB332RERGIIE
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Expression association study (EAS)
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The relationship between gene expression level The8 candidategenegRT-PCR results in 10 other
and the time for flowering to maturation accessions

The 18 candidate genes were identified, 13 were down
regulated and bf them were relatedell wall modification



TheeGWASresults
showed that there webe
loci related tahe
flowering-to-maturity
duration. Thesaigh
effect loci were located
In 5 genes

Theethylenesigal
pathway showed
significantly up
regulated, anéthephon
could color berries
earlier.

logia(p)
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GWAS results with exome SNPs and the flowering-to-maturity
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p ASK277

«— 447bp

p ASK277-IACO

Days post mature green
CK-5 ACO-5 CK-6  ACO-6

CK-7  ACO-7

0d

3d

8-00V
8-

section at 5d

Longitudinal

The transient oveexpressiorof VVACOIn strawberry (non
climacteric) and tomato (climacteric) acceleratezlonsedf ripening.



Mapping QTL+RNA -seq
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The number of QTLs in the genetm@ps.
10 6 16
13 3 16
8 2 10
10 4 14
3 4 7
9 3 12
11 7 18
7 4 2
16 5 21
2 nd 2
14 4 18
1 nd 1
1 3 4
16 6 22
4 2 6
12 4 16
5  nd 5

Among these QTLs, 73 stable QTL relatednonoterpenewere identified in
two successive years.



Gene ID

GSVIVG01010274001
GSVIVG01019878001
GSVIVG01022723001
GSVIVG01019873001
GSVIVG01019849001
GSVIVG01018921001
GSVIVG01018767001

GSVIVG01017899001

QTL genes
© 3487

GSVIVG01017796001
GSVIVG01017718001
GSVIVG01017757001
GSVIVG01031486001
GSVIVG01031418001
GSVIVG01025223001
GSVIVG01024994001
GSVIVG01037249001
GSVIVG01024970001
GSVIVG01037417001
GSVIVG01015991001
GSVIVG01017125001
GSVIVG01022901001

GSVIVG01023236001

GSVIVG01033020001
GSVIVG01018579001

GSVIVG01028882001
GSVIVG01008344001
GSVIVG01029329001

2TF 26 Construction genes 4
unknown

GSVIVG01008617001
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GSVIVG01036848001

chrl
chr2
chr2
chr2
chr2
chr4
chr4

chrb

chrs
chrs
chrb
chré
chré
chré
chré
chré
chré
chré
chr9
chr9
chrl2
chri2
chrl2
chri2
chri2
chrl4
chrl6
chrl6é
chrl7
chrl7
chrl7
chrl8

1869620018697377
41503964152247
1558796015590452
41106784113795
38228293825957
1862506318629091
2009087920092677

44840434487627

35493263551930
28775612880014
31819853182859
1802814218029883
1881871518822205
30739263076705
541808065420685
1691261716920281
56157885616779
1413123014133129
1688184616883252
44058194406667
1817893818179555
40042744005147
2081169420814701
31730933175003
33659143367561
2510007525101021
1296118912962599
1782757917830662
30865143092680
1442592914430764
369676378037
1800718018008566

mosome Position Functional Annotation

defensin EEAAMP-D2
NDP-L-rhamnose synthase
Nitrilase 4B

primary amine oxidase
Osmotin
dolichyldiphosphatase-like
thaumatinlike protein 1b

aluminum induced protein with YGL and LRDR meliite

UPF0497 family

unknown

protein RALFlike 33

Xyloglucan endotransglucosylase/hydrolase 32
UDP-D-apiose/UDPD-xylose synthase 2
Kiwellin Ripeningrelated protein grip22
heat shock cognate 70 kDa prote#ike
magnesium transporter NIPA6
GTP-binding protein OBGM

calmodulin?

Co-chaperonecurved DNA binding protein A
thionin-like protein 2

glutelin type-A 3-like

Ethyleneresponsive transcription factor 9
transcript variant X3

trichome birefringencdike 39

basicleucine zipper 61

UPF0497 family

acylcoenzyme A oxidase 3

protein TRANSPARENT TESTA IBke
unknown

metatnicotianamine transporter YSL7
unknown

unknown
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gRT-PCR assayresultso’f the relative eyebressmrproflles of bZIP61.The y-axis indicates

the relative folds of geneexpressioncomparedwith Beifeng which haslow contentof
monoterpenesand whose expressionwas standardizedas 1, numberson the x-axis
representyariouscultivars A, Beifeng(oneof parentsin the F1 population,low content
of monoterpengs B, Jingzaojing(low monoterpengsC, F1 progenyno. 243 (low content
of monoterpengs D, Xiangfei (high contentof monotedrpengsE, Rieslingltalian (high
contentof monoterpengsandF, F1 progenyno. 360 (high contentof monoterpeng



VwbZIPG1 24.39
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Expressionof bZIP61 in inflorescencesof the empty vector (without bZIP61
sequenceEV) and transgeniccallus in different lines(B3,B5 and B6),the y-axis
indicatesthe relative folds of geneexpressiorcomparedwith EV, which expression

wasstandardize@s1.Error barsindicateSD of threebiologicalreplicates
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Grape cultivars in industry

Wild Vitis species Domesticated Vitis cultivars

WEU
e Domestication Time
1 species $%,000-8,000 YA}
:.:MVA -’mf .. < :‘
ans — €00 MYA :
ancestor CEU
70 60 650 40 30 20 110 0 MYA
Rank Cultivar Color Species
1 Cabernet Sauvignon Red V. vinifera
2 Merlot Red V. vinifera
3 Airen White V. vinifera
4 Tempranillo Red V. vinifera
5 Chardonnay White V. vinifera
6 Syrah Red V. vinifera
7 Garnacha Tina Red V. vinifera
8 TrebbianolToscano White V. vinifera
9 Sauvignon Blanc White V. vinifera
10 Pinot Noir Red V. vinifera



The grape breeding status in last 20 years

Total | Vinifera | Vinifer/ La Other Ratio of V/LV
brusca spelces

World 212 82%
China 75 39 21 15 80%






Figurel the expressmranalyél Sof ‘The correlationanalysisbetween
the 153 samplesB) The expressmﬂevel of the chromosomel in greenhard The samplepositionfrom
the outsidein is LO1- L23, V01-V10, W01-W18, the red areameanshigh expressiorlevel andthe blue
areameandow expressiorlevel. The expressionevel werenormalizedby log2(FPKM/meanFPKM). C)
Theexpressiorlevel of thechromosoméd. in veraisonphase D) The expressiorievel of the chromosome

11N rineninanhase



Transcripts assembling
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Theabundancedistribution,andsimilarity of uni-genesn 51 accessionsA) Numberof uni-genesn all the
51 accessionsB) Similarity rate of the uni-genesamongall the 51 accessionsEach block meansthe
similarity uni-genesproportionof the whole uni-genensn this accessionC) distribution of universalanc
specific genes,the red color meansthey can find similarity uni-genesin most accessionsthe blue one
indicateonly oneor severalaccessiorcontaintheseuni-genes
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PP2C, CalS, Dof, MYB, 14-3-3, VPS,
MATE, ABC transporter, GDSL,

CDPK, AB CESA, ERF.,

The domestication related
genesin the grape berry A)

Distribution and selection of

the domesticatiorgeneson the
whole genome The purple bar
is the expression level of

cultivatedgrape,the greenbar
is the wild grape The red is
wine grape and the orangeis
the table grape The red point
is thegeneswvhich FDR < 0.05,
and the blue onesis FDR >=

0.05. From outside in is the
GH, V andR phase B) Some
important genes during the
domestication C) The sugar
and acid content in each
groups The red box-plot is the
acid contentin the berry, the
first one is tartaric acid, and
the secondis malic acid The
third box-plot is the total acid
content The purplebox-plot is
the sugar content in the
ripening  berry  (glucose,
fructoseandtotal sugar)
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Figure 4 the behaviorof

the hybrid types A-C)

The selection of the
differentgenesn GH (A)
V (B) andR (C) andthe
cluster of thesegenesin

each accession The red
points is the amid genes
(log2(changefold)| > 1).

D) The acid content of

each group The three
vioplot is tartaric acid,
malic acid andtotal acid

E) The sugarcontentof

each group The three
vioplot is  glucose,
fructoseandtotal sugar



Wild species V.vinifera
(V. amurensi}

L

V.vinifera
(W11 W12 W13 W14
Beihong Beimei,et.al)

BC1FI™ W15,Beiquan



F1
F1
F1
F1
F1

F2

Beiquan 6

Beihong
Beimei
Beichun
Beixin
Beixi

Beiquan

Brix

25.2
23.3
20.1
23.4
23.8

18.0

N

Berry
weight

~ o~

g
1.57

2.66
2.62
3.62
2.27

4.52

Anti-cold

Strong
Strong
Strong
Strong
Strong

Mid



Technique



Methods for grapevine breeding

ACross breeding
ABud mutation

ARadiation induced mutation
breeding

ASeedling selection
APrecision breeding

Grape flowers (top) and
emasculation of clusters (below)

Burger P. et al. 2009



Regeneration of grapevine

AOrganogenesis pathway

Adventitious bud formation in leaf explants was first
reported by Favre in 1976, and was further applied in

several grapevine species, including wine grapes, table
grapes and rootstocks.

Explants

- Leaf primordial fragments
- lamina or petioles

- hypocotyls of somatic embryos
- callus



Regeneration of grapevine

AEmbryogenesis pathway

Grapevine regeneration via embryogenesis pathway in
vitro is a well established procedure as early as in 1976
(Mullins and Srinivasan).

Explants

- Somatic callus
- Somatic suspension cells
- Somatic embryos



Genetic transformation

AAgrobacterium tumefaciens-mediated method
- Embryogenic callus

- Embryogenic suspension cells
- Leaf discs

The Agrobacterium tumefaciens-
mediated transformation system
IS the predominant technology
based on the ability of
Agrobacterium on insert genes
Into plant cells.




Genetic transformation with new techniques

In 1990, Mullins et al. obtained transformed plants
overexpressing GUS gene

In 2009, Hanania et al. silenced the ubiquitin extension
S19a gene by using RNAI

In 2016, Ren et al. knocked out IdnDH gene in
Chardonnay via CRISPR/Cas9



Applications of genetic transformation
IN grapevine

Plant growth and development

Quality of wine



The procedure of genetic transformation
via embryogenesis

Transformation

2-3 months

2-3 months 15-30 days 15-30 days

Generation of shoots Embryo germination Embryo induction Selection



The timing of genetic transformation via

embryogenesis
Embryonic cell cultures Sub-culture weekly
l
Co-culture with Agrobacterium Usually 2 days
l
Selection of transformed cells .~ Atleast 2-3 months. Time-

""""""""""""""""""""""""""""""""" consuming step. Skipped?

Induction and germination of

Usually 1-2 months
embryos




Directly induction of embryos without selection

a
E_- NPTII TNOS_‘- TNOS—H

a, vector construct with GUS marker gene; b, GUS staining
of cells after Agrobacterium co-culture; ¢, Embryos induction
from grape cells



CRISPR/Cas9 has been the predominant
method for genome editing.

o /

Apple Variety ’ Applo Variety
-

—— ™



Accomplishments of genome editing In
grape with CRISPR/Cas9

Plant material

Delivery

Modificat Effect

Protoplasts

Embryogenic
cells

Proembryonal
masses (PEM)

Embryonic calli

method

PEG; transient
expression
Agrobacterium
infection; stable
integration
Agrobacterium
infection; stable
integration

Agrobacterium
infection; stable
integration

WRKY52

ion type

Gene
knockout
Gene
knockout

Gene

knockout

Gene
knockout

Reduction No
in  tartaric
acid content
Increased No
resistance

to Botrytis
cinerea
Albino No
phenotype

Reference
Malnoy et
al. 2016
Ren et al.
2016

Wang et al.
2017
Nakajima et
al. 2017



Many factors have been found to have
an impact on CRISPR/Cas9 system.

sgRNA/Cas9expressionevel,
PAM sequence

Genetic background

é



The efficiency of CRCRISPR/Casftliated targeted
mutagenesis in grape

Four GC content of sgRNAs were designed to target exon sjtes‘¢itith§
vinifera phytoene desaturas¢¢PD8 ISy S (62 Ol NR S

~

UASa
Wnm. Q adzallSyairzy OSfta 6SNB dzaSR | a

gRNA1 GGGAATKGCCGATTTGA 50%
gRNAZ2 GCCAGCAATGCTCGGAGG 65%
gRNA3 TTTGTCTACTGCAAAATATI 25%

gRNA4 TCAATTCAGATATGTTTCTC 30%



The sequencing results

gRNA1L: GGGG——— AATTCAGCCGATTTGA (GC Content : 50%)
CAAAGCCAAGCAAGCCAGGGG. .. v v v ARTTCAGCCGATTITGATTIICCCIGAAGICCTICCIGCACCCTTAAA
CAARGCCAAGCAAGCCAGGGGA. ... ..., ATTCAACCGATITGATTIICCCIGAACICCTITICCTIGCAGCCTITAAR
CAATGCCAAGCAAGCCAGGGTIGA....... ATTCAGCCGATTIGATTICCCTIGAAGTICCTICCTCGCACCCTTAAA
CARAGCCRAGCAAGCCAGGGCATTAGCAATATTICAGCCGATTTGATITCCCTCGAAGTCCTIICCTGCACCCTTARAR
ATTTGATITCCCTG. . cccececcvccnn ARTTCCTTCCAGITGACITCCCTGAAGACCTICCIGTACCCTTAR
CAAARGCCAAGCAAGCCAGGG......... AATTCAGCCGATTTGATTITICCCTGAAGTICCTICCTGCACCCTTIAAA
CAATGCCAAGCAAGCCAGGG.......... ATTCAGCCGATTITIGATTITCCCTIGAAGTCCTICCTIGCACCCTTAAA

T h e Dicssavsosvsoensasssssssancssnsiossssscssesienss TTITCCCTGAARTCCTTCCTGCACCCTTAAA
et ccecrccesrscsecossssrscrcrsscesssssssssssssssssssosersosasesosssrsnesen s ARE
PBC.cccceccnssscccas B.ccccececcccncnnnns ATTTGATTICCCIGAAGICCITCCTGCACCCTTAAAR
Resesosssssssosssssssensossssssssssecssssssss TTTCCCTIGAAGICCTITCCTGCACCCTTAGA

sequencin
g results
shows that

gRNA2 GCCAGCAATGCTCGGAG—GAC (GC Content :65%)

I CCAGCAATGETCGGAG. .G CTITATGTTGAAGCACAGGATGGTITIAACTGITAAAGACTGGATG
CCAGCAATGCTCGG CITATGTTGAAGCACAGGATGGTITAACTGTTAAAGACTGGATG
CCAGCAATGCTCGGAGTTGACAGGCTTATGITGAAGCACAGGATCETITAACTCITARAGACTGEATE
TCAACAATGCTAGGAGA.GACATGCTTATGATGARATGCAAGATEETITAACTCIGAAAGAGTGAATE
CCABCAATGE. .. .....cvvvuvnnnnnn TCGGAGCACAGGATGGTTTAACTGTITAAAGACTGEATE

R REE G « o o o o c o asososssssssssascssss ATGGTTTAACTIGTITAAAGACTIGGATG

CCABGAGACAGGC. . e cceeececes TTATGTTGAAGCACAGGATGCTITTAACTGTTAAAGACTGGATG

fo u r G C T NGOG« o065 6506606006 5088000060860680 ATGGTITTAACTGTTAAAGACTGGATG

T NG CARBGEE . + o n 005 05 sn 5v:0:5:6: /.95 880000 608 ATGGTTTAACTIGTTAAAGACTGGATG

t t f B s o inais  wiorevmeacayn o ain nl g msmn i e aese: cANRCEIR P o s 'a'ivi w5’ e e o B S o e TIGAAGCACAGGATGGTITITAACTCTTAAAGACTGGATG

(:()r] EBr] () gRNA3: TTTGTCTACTGCAAAAT-ATT (GC Content.@a%)

WT CARAAT .PTTTGGCAGATGCAGGTCAER TTA
S g R N AS Linel CARAAAT TR TTTIGGCAGATGCAGGTCAEYY TTA
Line2 ARRAAAT B TTTGGCAGATGCAGGTICACLY TTA
Il l( (j Line3 CAAA. . . TTTGGCAGATGCAGGTCAYY TTA
Ei \AIC)r EB Line4 CCAAAL TR TTTGGCAGATGCAGGTCACYN TTA
. Line5 CAAGAT .PTTTGGCARATGT GEGGTCA YN TTA
N tr]ea Line6 CARAAAT I TTTIGGCAGATGCAGGTCACEYY TTA
Line7 o7 TTTGGCAGATGCAGGTCACEY) TTA
. Line8 B . o c s o ccrnccsosansenseces s TTA
tr&1r155§363r1l(3 Lineo ETpeteeicRacTe . . . . . . . TTTGGCAGATGCAGGTCACY: TTA
Lisis10 IG ciecaa. . . .BrTTGGCAGATGCAGGTCACEY TTA

cell mass.

gRNA4 TCAATTCAGATATGT TTCTG (GC Content:30%)
EENTCRACRTRTEY ¢ i ov o van i ssanmasvdvnse saaii s TICTGCGGTGAACTIGAGCTGCCARA IR
CAATTCAGATATGTACCTGGATATAATAAACTTTAGTAATATAATAAACETIATGCCETCAACTTCACCTCCCARACRR -3¢
EENOEERCRCOEaN: - o v kv b Sl e te s i il o rGtrrCIGCGGIGAACIIGAGCIGCCAAAe ATA
BTG, -« BRRTI < s 53 s AR e e S SR 8 IGIIICIGCGGIGAACITGAGCIGCCAAAcf TA
QI . om0 O 0500 T A8 e — TA
R e T T TCTCTGCGGTGAACTTGAGCTGCCARRAGEY SNV
DIIEIOCRLN . ot i A M R “GTTICTGCGETGAACTTGAGCTGCCARACHETERE

A
A



TheGC content ofjuideRNA

gRNA1 50% 34%
gRNA2 65% 45%
gRNA3 25% 10%
gRNA4 30% 15%

A T7El assay and PCR/RE assay showed that the most efficient c
the 65% GC content sgRNA, followed by 50%. The indel mutatic
were detected in transgenic CM with the 25% and 30% GC cont
SgRNA respectively but the efficiency of them is much lower that

others.



The varietyof the suspension cells for transformation

Two high efficient gRNA were used to detect
041B6) suspension cells (red arrowheads i nc

gRNAGGGAATAGCCGATTTGA (GC Content:50%)

gRNAM1B gRNAIchar EV41B EV char
- _
Indel(%): 34% 27% 0% 0%

gRNAZCCAGCAATGCTCGGAGGAC (GC Content:65%)
gRNA2 gRNA21B EV41B EV char

e | ki

Indel(%): 40% 45% 0% 0%




The varietyof the suspension cells for transformation

gRNA1 27% 34%

gRNA2 40% 45%

ABy comparing the efficiency of CRCRISPR/Cas9 system in
0Chardonnayo and 0641B06 trans
CRCRI SPR/ Cas9 system wor ked

suspension cells.



The expressiotevel of SpCas9
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The results of gPCR showed that the CRIGHR system
which had the higher editing efficient expressed higher level
of SpCasg.
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Data from grape genomedrowser”

GRAPE-CRISPR”
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Grapes are a type of fruit that grow in clusters of 15 to 300, and can be crimson,
black, dark blue, yellow, green, orange and pink. Most grapes come from cultivars
of Vitis vinifera, the European grapevine native to the Mediterranean and Central
Asia.Commercially cultivated grapes can usually be classified as either table or wine
grapes, based on their intended method of consumption: eaten raw (table grapes) or
used to make wine (wine grapes). While almost all of them belong to the same
species, Vitis vinifera, table and wine grapes have significant differences, brought
about through selective breeding. Table grape cultivars tend to have large, seedless
fruit (see below) with relatively thin skin. Wine grapes are smaller, usually seeded,

and have relatively thick skins.

Grape-crispr is a database provides the Crispr/Cas9 spacers to the researchers. it
contains more than 30 million spacers and all these spacers have been assessed to

make it effective and user-friendly.

Please cite the Grapr-Crispr

Welcome, You are the 1 times visit this database!
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http://biodb.sdau.edu.cn/gc/index.html

PLANT-CRISPR (Desktop software)

T CripsrV1.0 =
Analysis Help
Crispe software is 8 Perd Tk based software, providing Crispr related analysiz Detail information can be obtained from Huu|
|
(7 ipwoea -
INPUT SEQUENCE | nmrr|mm1.rrm[ OUTEUT
PAM
Length|
GC(0.3-0.T)|
ok |
T ;
||=|. =

T Electronic Cripsr

PAM |

SPACEE |

MISS MATCHES |

HIGH FIELD |
ok |




Current work

CRISPR/Cas9nediated genome editing

- Grapeberry development ardait
Sugar content;
tartaric acid,;
aroma

- Plants withincreased bioticesistance
cold and freeze tolerance;
drought tolerance

CRISPR/Cpfimediatedgenome editing
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