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ABSTRACT
The demand for seedless grapes for consumption as fresh and dried fruits is very high. In grapevine (Vitis vinifera L.), seedlessness arises through
two different mechanisms: stenospermocarpy and parthenocarpy. However, the major regulators of seed development and their target genes in
grapes have not yet been fully characterized. In the present study, the seeded grape hybrid ARI-516 and its seedless mutant were used to investigate
the molecular mechanisms controlling the seedless trait in grapes. The study of gametogenesis revealed that pollen grains in the seedless mutant
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exhibited abnormal morphology, extremely low viability, and complete inability to germinate. In addition, the size of the macrogametophyte in
the seedless mutant was significantly smaller than that observed in ARI-516. A transcriptomic comparison was performed at three developmental
stages: pre-flowering (E-L 15), anthesis (E-L 23), and berry set (E-L 31), to examine altered developmental processes in the seedless mutant and
ARI-516. The downregulated genes in the seedless mutant were mainly enriched in biological pathways related to male gametophyte development,
which may lead to pollen sterility. The RNA-seq results were further validated by qRT-PCR. Additionally, genome sequencing data were used to
identify induced mutations in the seedless mutant, revealing three homozygous and 25 heterozygous InDels in genes associated with male game-
tophyte development. The combined results of RNA-seq and genome sequencing suggest that parthenocarpic seedlessness in the ARI-516 seedless
mutant arises from abnormalities in developmental and physiological processes involved in pollen formation, maturation, and germination. The
study also demonstrated the downregulation of transcription factors and their target genes associated with cell division, gibberellin biosynthesis
and signalling, cell wall development, and pollen germination. Overall, this research represents an important effort to identify candidate genes

associated with parthenocarpic pollen sterility in grapes using a genomic approach.

Keywords: Vitis vinifera, Parthenocarpy, Pollen Development, Seedlessness

EESIEEI

SR 99 7 W@ arTE wEal 4§ Uh & | a9 2021
H faga 9T | T 7.3 T 2aaR & T 84.8
fHfera 2 SINY T ITE BT | JATIed ST T THT 55%
AT =T STEifies  SdmEl-oE At S SE-& T
IYINT foRaT ST &, Tafch THT 44% AN A1 AT & FR
& E H ITURT FRAT AMGT & | SUHH AR W 0 SR
N THE HAA © o diet T 2, e @@ uaqer & qer
TSRt T[T IR SR w@E Hier Y | s 29 § ad
SR & afyas Sares # fRa ghe <@ T &, o aade |
T 27 i o 9% 989 99T ¢ | 98 g ged: ant
2 | ZAFCTT =T IcTashal qeT J&at OTe At droried SR
1 I S UR FEERAT B 9@ Segd a9 T &P |
SR H doRfeddr qead: o = & AT ¥ I Bl e

(1) RAreqwiwEMt (Stenospermocarpy): 39 Uihar H
WA R o= amr &9 9 86 8, fhg foee & %8
TATE 1S 19T T [T B ST & ST had il & ST
® W 2139 Rafq § 98 @1 SR ot st srer &
ST 2 | T RE dRied A R H RS e
FearT (IreTE WeaE) § a0 S g0

(2) urveETdt (Parthenocarpy): 39 9haT § et &
T o & faeT & SfEie | &1 S 8 | 98 |
T AYAT HIET THS FI AMFAT B BROT BT & AR I6h
IROMEET Bl AR & Jorfed % S i ¢ |

dIoRfed SR & STHATIS ATUR W &g AT Ry T
2| e & U B % UF oremds § SR @0 Rizamat
fFeT ® AU Fwifad Si9 Vitvi01g00455, Vitvi08g01528
3R Vitvil8g01237 T Ued &I TE, W JoRieddr 9
3 Rafqa @ & @afed 9w a7 | geered St

qaT Sm-a1ze THIueE reqgd (GWAS) & 9rem| §
VvSUS2 @ VvIT16 & St 0 off vea & T 3,
S derfed FR fRET ¥ 92 uw g EY ) e faudd
AR SRS & SATETE AR T SUETERT FH
AT Y@ 2 | SR & Corinto bianco A HHH
IRtz @ fopu 10 Sregas # 9% gena fear @ fo qrefenrdt
Haaa: IRUE TRIHARRS i ATARATT & HROT I
AT 8, S HisNfe & stadiey e Mua=-wds b faem &
Haferd 29 | TH YR HY T BEwl oY AEgE q&T AR
% SARafaal ®§ o7 I8 qrr T {6 wET-aiEe areHi S
RIS T Y@ HIROT & qabeT &1 | 30 AR a9,
o fd, 98, @Rr der Sure S wHal § ureierd
¥ Haferd STAfs BRHI B TS B AT gl 50119
T ATl F IE T BT ¢ foh diorfed SafRafaar @
AT &R T A diorieadr & g Saeerdr a &l
I H ST Ay 2 |

TN Had § I TSI BT Segd R H dheried
T & Sfded dF B AT BT AT| TH T H
TR AT qeI, qoT H faepféa et arel ST |t
ARI-516 & 9T Us IR diorfed IaRadr &1 STanT fhar
T | 39 SAREd! l SMHfT ARI-516 & T9 2, g 308
ST AT B & qr el AR IRl T AHR TUEHT
BeT BT & |
2. aIft ug faft@i (Materials and Methods)
2.1 ey |l

T & T ARI 516 forer &t o1e a9 g &l T
! dal BT =TT fRaT TAT 1 T Il SFERA FHE G
(ARI), 9o & YRR @d § 18°31' sreniar ar 73°55'
. IeMR W =fud & | Sl 1 dfchdl & ard 2.4 Hiel qe
qrel & 9= 1.5 HieT g W A @1 A1) ARIS16
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U I IATEHAT dTal, AT-TRIE qor ag3eeiid FR &l
forer 2, s ®al 1 T Te - S & q9r 3
fafare went (guiferd) @@ rar S & | 29 e 6 faem

Beauty Seedless (Vitis vinifera) x Catawba (Vitis vinifera
x Vitis labrusca) & HHOT H FEANHR FIEUE FeIH 4
foar AT 21 ARI 516 %7 U dorfed SARadr (seedless
mutant) T 2012-2013 ® fopw wu T fafmror-smenfia
Iaadd (gamma irradiation mutagenesis) YII M @&
2R gk fopar T ent | diorfed saRadt qur T8 qa
HAfHTEh ARI 516 &0 ST FHAT I ST ST
# gfofg 25 SSR " (VVMD, SCU, VMC, VVS, UCH)
& Wegq § Uit fafgedr @ A" we gfte d e |
T & GUE @ dioried @@ (seedless phenotype)
F gfte TER & qul T H TE | HEIT (gameto-
genesis) & LI qAT SR & TBI & TG 9 AR
FI3-2020-2021, 2021-2022 X 2022-2023 % R TH{T
fep M |

2.1 FUTHE TG Faearsror

EATHS TG T fagauer & fau qofd: 1@ SR
% @I 4 ARI 516 3R 8% doRfed Saiadt § 100 I8
N AR, 98 B Tdle X AISE A7 T | Ha gaqsia o
(TSS) @ ferfeer Rhermiey &R qen Sgdeae STeran &0
MYgReT 0.1 N NaOH & &M< 22es™ g fohar |
Jeu-gT b fagaduor & {0 WEreReTt @ E-L 23
(IOT 3TaT) WX Ueh{=rdl fohadT 1T | ORRT SHferear T giierr
TMfer Alexander's staining TS & T WRET HHIT
&0 A HHIOT WA H fRAT AT | WRET 9T
HIgT SEM ERT oA 74T | TR ST & STea &g
E-L 15 1€l & T & FAA # R ¢ wreshie el
B oSN STadien fohar T | AET-graehere fagaeoT
% o qor wfedt @r E-L 15 3R E-L 23 saEemsi ®
THET H FAAH R fopam Tar qam Sas @i &l S
3R ®rEe AN & geaTdha Y Feueslt § oregas fopar |
ﬁ:ﬁ?."l'sfﬁ?l? GﬁEh??f CAREERLR one-way ANOVA 3 t-test
BRI GraphPad Prism |fedaX & fRAT @1 | RNA fepeor
Td RNA-seq @ forg qoF wferdr (E-L 15, B-L 23) 7 faeia
4 (B-L 31) & RNA e mar | RNA-seq @128l SR
%X Illumina HiSeq % W THACT fohar mar | =T
S stfyeafts fasaeor DESeq2 &RT fokar wan | @afsa siet
&0 AfeAfts @ gfte QRT-PCR ZRT &1 TS 4T Actin &
e ST & B9 § SUART fohaT 147 | §YOF ST STRATT &

ARI 516 3R 39 diorfed SaRadt &1 siHitae DNA g
Y llumina WEHM T AT f6ar 1T | AT fagasor
BCFtools 3T snpEff ZRT fohar Tt aem difaa grafpe
et ATEfET W YA PlantPAN 22 & i TS |
qRem™
TS TF AITEEAE AT HT AR s
A | SR # fREr ARI 516 T 50 derted
SARET & AT TS TR STaEraieh aodrst #1 g
F T | SRl § T g3l fh ARI 516 & @+ el
A w0 ¥ fasefad 99 SuRtad 9, Jafh g8 SaRadr
7 goi: diorfed v feda gl S SAREd & el
3R el -l T ° e S few fear (R 1) 1 v &
AR R ¥R ¥ Hafed fagwarstt & fawww & 9= s
BAT foh dioRfed Iiadl < &7 AR ARI 516 & e
F BleT a1 ARI 516 ® 100 S &1 ST IR TOHT 147
T 97T 4T, i doRied SARad § I8 @ 78 WH
o7 | TEH UBR I BT qdle oI A off diorfed saRadt
H I@i@ ®9 9 B U T2 | T G SIS ATIEE §
IR Wi &7 & weaqe grar T (B 1D) | e
gfs Fame! & STRT § doRfed SARadl § B SThR 4
IR <@ 747 | 59 81 W {aifers st (GA;) adr GA,
% AT 6-gaeause (6BA) FT IUAR fhar ar, 99 94
1 AEE 3R 100-T4 IR H Iera-id gig aof & T2 | T8
qReMT Heha T & o Sugeh e SUER ER diorfed
SR B ATHNIE IO B FBAR G ST R ©
(fer=t 1D) | SRt fasawer & I8 o S gaT o dorfed
IR % Bl § B gaqsiia o (TSS) & a7 STuehd
aiferep ot | doRfed SARadl & TSS @ 24.8° foemy
zof fomar T, Jafh ARI 516 H I8 @I 20.4° foary or
(o1 1E) | T88 3R 2rgdeaa mtam qen pH H <1 Sirergdr
% I IS AedYl AqX Tl arEr ™M (R 1F) |
PEA-JHERTA AR WA T & faeasor

R [ & FTeas & doRieddl d qarad qeaEyol
AR | 3T | Alexander staining fafer ZRT WRRT SHferam
% YU | TE Ul AT b ARI 516 H WHT 69.93%
TR ST 3R hEfds J, it doRied Sdiadr §
g Bad AT 13.07% 97| 39 YHR dioried SdRadi §
T B F QAT S arar @ (e 2A-C) | R bt
AT T oA faI9awoT & WX F8 9 T 6 ARI
516 & TNTHOT G Fbidde S8 a J, H s
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foz SR Fufa Eia faars 3o off | s9a fauda derfed
IRt H TETHTT B SMHR AR FEHT Srarers faga ag
TE | T WEEYT § fEepicnRa weaT, g o) sifvataa
ST @ T | 3 TS STEEArat & gfte BT
TeFZI HTEShIERT (SEM) fergeraor ary o g€ (et 2D-F)
| TR SeRT0T GLET & TE T2 gAT o ARIS516 H w4
49.85% TRTEHYT SHRT BT ST ITH T NHICRT BT
forepr g3 | 3ok faudia doRfed SaRadl # had dHT
3.48% URITHOT &1 AFRA o Fqeh | AR WRITRTT HHT0T
7w w, S g T 2ar € o dorfed Sdfad §
TR | had GaATEd &9 STAMRT & dfceh it
w9 O [ferg € (R 2G-) |

HE-JHRTT (Megagametogenesis) &1 fascreor

HIET ST ST & ST & o Weeaqol S’ |-
ST | A 3T TS T G T GeTaghia fagawor e
W e T T foh deRiEd SdRadl § die @ 3ER ARI
516 @1 AT # FHIHN BT o7 | SN & @8 AR A5
T H IE@HT HAT @l e, A ARFRT €9 H AAfd
TEUl UTE T | SE9E & e @l & genedity faet §

o I8 SR T @ o & (e 3) | 3 aRemEt | o
fictar & foF doRfea saRadt # dad R gme faem &
T, dfeeh HIQT oI EaTt &t e of oo g & |

TGRS AT R i Afers

FIoREAdT & AR AR & qHF & o RNA-
seqaﬂmm@ﬁ?ﬁﬁﬁﬁwﬁ?ﬂTWIEWﬁ
21 Sl q9r o faer srerwei § B 18 RNA-seq
RATZSHT TR 6l T | Yk Trgsdl & Il OTerll ATl SARH
9 8T | Principal Component Analysis (PCA) T fafe=r
T 3 v e Frive et fe o S R @
I S= |9t & e (e 4A) | S sifreafe fasasor
q FA 4354 o1 aifirers Wi (DEGs) &0 9eae &l
TS| TTH 1495 SHT w ATARE 9¢ 85 (upregulated)
TqAT 2859 ST i ATHARE ®H (downregulated) UTE TE |
fafer=T faeprr srareensti & 19 @ @1 faawor Wt f=r g
mar (= 4B-D) |
S FHEATHE AT AR AF AR

Gene Ontology (GO) I € 78 & o o =
T T HE DEGs Sifas qfhareti S T e, i
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fufe fmfor, ®iftrer fovem o emie d@a d@®or &
Hafead € | GO arfterer § 21 S ot faferT Sifares wfskamat,
(%Bf 5) | Heatmap fasiwor 5 g 9 o & S @
stfveafs dorfed SaRadt § Swrawa ®9 9 &7 o, a9y
T T A AN IO [ SR G fmier & Haferd € |
Pathway fasaaoT & g off e fia fop firarfes Saegersor
T ST EEHA-Gard AT A A aREds g g, Sy
faeprar @ gwifad & T € (7= 6) |
RNA-seq 9RO T qRT-PCR HTONHTOT

RNA-seq fagauer @ qfte & oo saf@ Sier @
qRT-PCR ZRT {agesor fohar a1 | & 256 Sl bl sAfieaih
T qLraTT feRaT AT SR TS 9RO RNA-seq 327 & STET
9T T | gE IR S Stfetn fagerer @ fagaaadr
g9 & (Fr 7))

F ST AR InDel SRS

ol ST STRAYT & dioRfed SaRadt § 3 InDel
IARAHT &l TEd &2 | faseuer § @ g9ed a9 e
e InDel 91T T, TR HEET Gl [Ihe & Fafera
ST o7 | 39 SARacH! T GHIT THI ZAEhe bl
IS A2 WY <@ T (AR 1) | 29 IR § b
fiatar 2 fop STFifHe & W g0 ¥ qRad S arwefs &
I Y T & IR Sida: WA g g @i o
T YiRATST H AT 3T Y ohd % |
==t

SR ¥ dRfed ®adl & 7 afvad 'R W a9
W g, 9w w7 299 I & w9 H SUH & faw 2w
TH Y@ dqeF a9 7 2 | dionfed SR # fpe v fame
T doRfEadr & Wit AR AAMER T Bl T9H & forg
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VIT_148 0066G00370

VIT_1380014G03120
VIT_1980098G00620
VIT_1680049G01230
VIT_1480013G02110
VIT_1880013G00250
VIT_1480066G00910
VIT_3780130G00210
VIT_148 0066G00910
VIT_3380063G00910
VIT_1480108G01410
VIT_148 0067G07260
VIT_148 0063G01530
VIT_148 0067G06720
VIT_1480128G03530
VIT_8780151G00670
VIT_1480153G00510

VIT_1380059G01510
VIT_148 0003G01250

Seedless Mutant ARI 516

Cell periphery

VIT_00S0181G00010 —
VIT_00S0205G00130 —
VIT_00S0223G00170 —
VIT_00S0253G00040
VIT_00S0404G00160
VIT_0150146G00160 —
VIT_0150150G00460 —
VIT_0150025G03140 —
VIT_0550025G03180 —
VIT_0550038G02340 —
VIT_0550020G02230
VIT_0550002G00480
VIT_0550002G01440 —|
VIT_0550102G00170 —
VIT_0750005G02470 —
VIT_07S0005G04330 —
VIT_0750031G01790 —
VIT_0750104G01710
VIT_0850087G06750 —
VIT_08S0035G01340 —|
VIT_10S0083G01990 —
VIT_1950116G01240 —|
VIT_1250035G00170 —|
VIT_1450319G00160 —|
VIT_1750000G10000 —|
VIT_1950041G01270 —
VIT_1950027G00020 —|

Pre- Anthesis
flowering

= 6 — Pathway enrichment analysis
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donfeqar ¥ dafod 99 Sa €, dioRied SAradr ®

SRA-UIME & | 39 SAfdi p3VVAGLI11 a1 VMC7F2
9 srorfaes @Rt ARI 516 d9T SH% SAadr o 3fa¥
T L B T | 37 STaaiehl 9 Gebd (Herar & 6 ARI
516 %1 doRfed SARad! G9ad: RARAHIGNT & o
Rl & BT SRR B




TJEIT UF 379: R (Vitis vinifera L.) % doRied SARad # Q-GS § Q& THOHEE To7 SAMIHE el o1 Jolod a9 15

(a) mmmm  Jog 2 Fold change RT-qPCR
10+ e Jog 2 fold change DE-Seq
5_
&%
=
2 0]
[5]
=
(=]
a -5
on
=
-104
"'15 1 1 | | I L) LI 1 1 1 1 1 1 LI 1 LI 1 1 1 | 1 )
Q'\ '\',\$°\°>Q§Q°'SQ -\',‘J Q\‘gm@gxyg \qu Q Q @Q G\Qb‘.\%& {’% 6&@}% “gé" 6"‘“ N @Q@Q
SE TS TSE e,asw,es“e S S S EL S
\¢ Q@ @e @*\. o @s @5 & @ Q@@\g \@“ Q'\ ,\p “\QQQ% QQQ@“’» %@ ,,\ S @"@Q
SIS & S -3 h.,@g K SS S s,,s AS
SRS TR T
Regulation of genes in Seedless mutant
(b)
10
10
@
g £ /
Q 5
< y = 1.0256x - 0.8297 4 ¥4
5 R?=0.8405
o . : : 0 : )
ﬁ -20 -15 -10 -5 e 5 10
%D ®, %o 5
5 ** o
= 10
e *
tﬁ]‘ *
= 15

20
A%}

log, fold change by qRT-PCR

= 7 — RNA-seq OROTHT T QRT-PCR FHTIRTIT

TRl faeesor 3 g of g & diorfed Safadr
H I UH SHl B AtveRs § aRade g S i
fauem g | e & faves ¥ gafta 21 fagw v F
DUO POLLEN @T SIDECAR POLLEN Wi & d9&q
ST 2T STST-US T 77 | A S OXETROT | ehi{9Teht
e qar W e & fave & ke & 2240 =%
AfIR® AAA-ATPase 9RAR & i1 qar AURORA kinase
S S T st ai T, et it s
TFAT AN Ao & Heaqor A Sl 5072 | 56 bR
UBIQUITIN LIGASE @& PHOSPHATIDYLINOSITOL
MONOPHOSPHATE KINASE & S i @ sifyreate o
AT FHT 3@ T8, ST IRRT foehre T FRwafelT /mT # fHent
fe € 232 | 29 qfRomet | e G foaar & o it
e qen ) e favew 9 dafaa S #r st |
IREdT ATSRIHSOHTE & T &Y qahal 2 |

areff § e faer @ ERET s F uew eme o
Teaqol yfteer fra €1 siffers, Frenfem, amzeifem,
SFHME T TR S B e e @ fafveT =t &
T ey 299 | e Sterae § I arn T b derfed
IARad | arer GA; & YA § S &l ¥R 9¢ 19T, el 98
Hand faerar & fop SaRadt o frenfes @ &1 2 Jadt 7 |
RNA-seq fagersor § CYTOCHROME P450 MONOOXY-
GENASE @ GIBBERELLIN 3-B-DIOXYGENASE &&
ST T SOG4, S e Sadsayer §
Heaqot gfHe e € | freRfer a0 st @60 &2 drel § w
FreTo AT T foehre # ST § SISl W 50 | 56k
AR GA oxidase ST § IARAAT T WRT i SfIdar
AT TRT Aferhr Ihg THIET Sl 258 | o7 I8 qiaeT &
fop firefifer Stamserer 9t § aReds dorfeq Safadt §
TRT ST & U THE HIROT o Tl ¢ |
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InDel

RO 1 — SIM STTRAT § SoRied SMRadl # g T S8 ae faees

InDels in seedless mutant

Homozygous InDels

Del-56 LOC100853962
In-41 VIT 0750031200800
In-35 VIT_1650098g01570

Heterozygous InDels

Del-51 VIT 0250087g00400
Del-49 VIT_0750141g00640
Del-48 VIT 0850056201670
Del-46 VIT 045004300240
Del-46 VIT_0450023g01630
Del-46 VIT 0750005g05100
Del-46 LOC100853041
Del-45 VIT 1250057200920
Del-45 VIT_1350067g01240
Del-45 LOC100267704
In-44 VIT_1850001g02160
Del-44 Vitvil4g04442
Del-41 VIT 135008400840
Del-40 LOC100267057
In-40 VIT_10s0003g02670
Del-40 VIT 195001403000
Del-39 VIT_0450044g01040
Del-39 VIT_1950140g00120
Del-37 VIT 085000702030
Del-36 VIT 0550020202740
In-36 VIT 0150011g06580
Del-36 VIT_1150052g01720
In-36 Vitvil6g04017
Del-36 Vitvil2g04267

In-35 VIT 0750005205520

Gene ID Description

Fasciclin-like arabinogalactan protein 7
Cyclin-dependent kinase inhibitor 7

Acyl-CoA-binding domain-containing protein 1

Pectin acetylesterase 8

GABA transporter 1

BTB/POZ and MATH domain-containing protein 4
Importin-5

Cytochrome P450 90B1

Transcription factor PIF1

Tubulin beta-2 chain

Transcriptional adapter ADA2

Protein EMB-1

DNA repair protein RadA-like

SWI/SNF complex subunit SWI3C

Sugar transport protein 12

Hydroxyproline O-arabinosyl transferase 3
Protein ECERIFERUM 1-like

Protein MEI2-like 5

Plant intracellular Ras-group-related LRR protein 6
Transcription factor HEC3

Gibberellin 2-beta-dioxygenase 1 (GA20X1)
Auxin transporter-like protein 2

Probable aquaporin NIP7-1

Protein TOPLESS

ADP-ribosylation factor 1

Growth-regulating factor 4

Diacylglycerol kinase 5

Probable pectate lyase 8

Zrafreifies fagerr & e off sta gon {6 &% grafeem
ey ufari @1 siftrefs § uftads gem) s w7 &
bHLH, LOB, WRKY @ NAC Ziafsher et qRani &
e S diorfed Safadt § Sea-Uwe 91T g | bHLH
AR b frefem famafaT qor 3w fawm o
Teaqor ftepr fwra 20999 & yeR LOB grafhee
hFe AT I e WET 4 & e e E o
AR heredi & @ed S S8 EXPANSIN, ENDO-1,4-
2-GLUCANASE, PECTATE LYASE @ar XYLOSIDASE

FHifrenT-ff Hares § 9RT @d 49| g9 eegad § PEC-
TATE LYASE @1 PECTIN METHYLESTERASE &
ST el T STSH-WIS TR -1, ST 9RT ST qer IR
ferer gfa & fo smasas A S

T YR WRKY Zrafhe haet i Wt e aon
S fgwe & wEeget gftest fmd 2 | steras § @9 WRKY
ST @ At w9 T TR, 99 S aed Sl o
EXPANSIN @7 SUC (FhIST ZEUIER) &l Afvaafin o
%T 97 | Arabidopsis # WRKY2 @ar WRKY34 ZiHfshe™
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el W I & {0 afraggss qmg Ty #4431 | WRKY
UM &1 MAPK fmfe Ant & @rer o geer arar @
g, St Wt faer @ el wear 399 | ade stemae |
MAPK S a7 3fere stfireaics &R a@r a1, W WRKY
S T STfHeafth & HROT THE THIT TR AL & IR
THF {0 ST STHeT STa9as 2 |

TS AT NAC ZEEheM haet W Hifsme-fafs
TS qAT AT BT | Aewaqer et fma €1 NAC
ST % STeA-CTae™ § EXPANSIN @7 3 ifarehr-ffa

Hafera ST bl A goTfad e Gkl 847 | 381 YR
FASCICLIN-LIKE ARABINOGALACTAN, XYLOGLU-

CAN ENDOTRANSGLUCOSYLASE/HYDROLASE @@t
CELLULOSE SYNTHASE S& S i % 3ifYers 1
M, ST AT ST fior qem W Afaewr anesE
H yftreer 24850 | 2 S @ sifets ® @ W
Ffcrent faerra T SR T AT HT Tl & |

TR0 fI9eUoT § T8 W ST BT foh o
IARAdt § gamma-fhor IR InDel ScaRads sufRerd |
T ARG UF Sl # 90 M0 S goee faeE qgr )

TaT § Geied &, S FASCICLIN-LIKE ARABINOGA-
LACTAN PROTEIN, CYCLIN-DEPENDENT KINASE

INHIBITOR @& ACYL-COA-BINDING DOMAIN
PROTEIN | 39 Sl # SARadd 89 § dfer e aun
WY fasfad & @ #9290 | gEe aifafis PECTIN
ACETYLESTERASE, CYTOCHROME P450, HEC3
qar 3= S | At InDel URads qT 7T, Y 34w faah,
T At gfe qar fuee uitkar & sftesr fm #5761
InDel &1 & faseioor & gg A 571 g37 o 3 SARadHi &
PR HE T Bkl & dAIEeT 5 T9Iad &l qehd
%, foraar i sifvreaf & uRtads @9 71

e

=T T § S Al T ARI 516 e 39 diorfed
IR HT JAAHAD [AAIOT HYeh doRfedar d Harerd
e T, Sie iyt qan SiHife aRad=r 1 reae
T T | g & aRomH # T ' g
JIoRed SARAAN § TR I STEERT [ q&r W
iSO 9T AT | WA B STEET §eEA], B
ST T 9N SAHTOT bl TR & HROT GXRT Afeteh
1 foepre arfea gem, e fees gfsear gwifaa B & |
ZrafsheeIfies fasaT & 78 S g3 foh diorfed Safadt § &%

TEAYUT STl qeT ZIEThE Gkl bl aifeafs § uRads
g3 | fa9w & & DUO POLLEN, SIDECAR POLLEN,
bHLH, LOB, WRKY a1 NAC 8 ZiEfhw haedl 3
ITeh & ST 2l SATEAfE § HHT 9IS TS, S I e,
TR e fade, frenfas Sragsersor, W ittt e
TAT TR SFeBROT UiskATST § wewyer yfte e ¥ 1 gEs
Atk RNA-seq UROTHT & I8 HT wee g1 fob fresifer
Sgeryer qer et Ant # aRads gam, S ww faw
SR JARAT T T X Fehal & | QO S :3TeRmeT
TerSeIoT & I8 ST 3T fob ioRied Scfadt H HT-fepeer IRa
InDel SARAAT SURST &, ST TH ST | 91T 7T AT ol
forepra, TR Sewan, Tuew famr qar it dees &
T3 B € | 37 A1 aRadHl qar S St § sat
% IROTHEET TN T it et iR Siaq: wreiHenis
FioRfed B faiId S Sl GHTEHT 2<h &l T2 | 3fd: 39
g ¥ JE fepd feaar & 76 ARI 516 & dorfed
SARadt § FoRfeadr qErd: WA atEd, e e |
3reRre, e e § ofigds qor et saftads
& "IH TUE B BROT I Bl E | Te IeHAT SR H
FISRIEAdT & AR TS A0S STER Rl F9H & foT
TeaUl ST & Hal & | BT, SHIdd SiEar
S T iR @ gfte & fau wfasr § wates e
(S CRISPR-Cas9, RNA interference TT 317F ST HUTG
Teheileh) STTagae &, fored R # diorfed fhedt & famm
% [T 90 Saer A B qeh |
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