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The effect of the ethylene signal on ABA and GA metabolism during bud dormancy release
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Fig. 1: ABA delays bud break in a time and concentration-dependent mode. (A) Single-node cuttings of cv. Early
Sweet (9 groups of 10) were incubated with 10 uM or 100 uM ABA , under 22°C and 12/12 h light/dark. After 48h,
cuttings were transferred to tap water for bud break monitoring for 28d as detailed in Ophir et al., 2009. (B) Cuttings were
treated with 100 pM ABA for 24h and 48h and then transferred to tap water. Data in each point represent 9 groups of 10
cuttings.
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Fig. 2: ABA attenuates the enhancing effect of HC. ( A-H) Canes were sampled weekly and four groups of cuttings
(each comprising 9 subgroups of 10) were prepared - two were used for 100 uM ABA treatments (see Fig. 1A) and two
as controls. After 48h, during transfer from ABA to tap water, HC was applied (3%) to one ABA-treated and one control
group, while the other two groups were treated with 0.02% Triton.
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Fig. 3 Changes in net effect of ABA along the dormancy cycle. To creat a dormancy curve (here indicated as control) plant
material was sampled weekly. Nine groups of 10 single-node cuttings were placed in tap water and bud break was monitored.
Other details are described in Fig. 2. The bud break percentages after 21d were used to present the dormancy status at the
vineyard at time of bud sampling. The net effect of HC was calculated by subtracting averaged values of % bud break at
Control treatment from that calculated for HC treatment; The net effect of ABA on buds was calculated as described above
using data of Control and ABA treatments; The net effect ABA on HC treated buds of the effect of ABAHC was calculated as
described using data of ABAHC and HC treatments. In the left panel averaged bud break was calculated using measurements
at 21d only. In the right panel averaged bud break was calculated using the averages of all time point monitored.
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Fig. 4: The effect of ABA on the enhancing effect of various dormancy release stimuli.

(A) The effect of ABA on the enhancing effect of HS on dormancy release. ABA and Control treatments were conducted as
described in Fig 2. HS treatment was conducted with buds that were first incubated in 0.02% Trion solution for 48h. Cuttings
were immersed in 500C water for 1 h as described in Halaly et al., 2008 and then transferred to tap water. ABAHS treatment
was carried similarly using cuttings that were incubated in ABA solution for 48h prior to HS treatment.

(B) The effect of ABA on the enhancing effect of AZ on dormancy release. ABA and Control treatments were conducted as
described in Fig.1. Azid and ABAAzid treatments were conducted as HC and ABAHC treatment, using 2% sodium azid
instead of HC.

(C) The effect of ABA on the enhancing effect of hypoxia on dormancy release. Control and 3%0, treatments were treated as
described above for the first 48h , then transferred to closed jars (0.75 liter) for 48h (for each treatment 3 jars with 30
cuttings). In 3%0, treatment, O, was reduced to 3% by nitrogen flow through the jar prior to sealing. O, level was monitored
by oxygen & carbon dioxide analyzer. ABA and ABA+3%0, treatments were conducted similarly with cuttings that were
incubated in ABA solution 48h prior to transfer to the jars.

Y7932 179920 »9m ABA 919 9y HC -2 %950 nyawn
NP 99 DY INTIYN DY 1YY NPV MN2) ABA Sv X117 MM ABA nna by HC-1 51900 nysvin
MNP VYW I1ADN) .N22apn NPy HC ynn 1yvinn o9 96 24,48 ,12 INRD 1T DOYPI .19 NNmMp»a
DY 1959 1NV MOVNN NXNMIN-21INNA IXII NNN NITNND DOYP .NPNTNI MITN YIDYI DXADWNN TNNX YD1 DOYPO
NAIYN NN TPNWURIN DPDIRD MIRXIN 29 DY 0NN NMIVY DMNHNIN DOVITIVDN NN DINNND TN
NI YD RN XNND NNIND OXNNA .NPNDPIAN MITNND NYVIDY DV N¥NN 25V NOIMNY DMNNY DOVITOLD
48 INND NIV DY N8N) 7NN MY .19y ABA YW 91190 »8n 1 ooy HC D)0 90y n1y ABA
Neo Phaseic acid 797 21790 5901 ) 7Iywnn mOO¥1N MNHIND D02 DY MYV 96 — 1 (5 Mn) myv
o»»1 29w 7717 (DPA) Dehydro Phaseic acid naxn yav apnn 9150n0mn 90y 19 opwn Hya 80 (NeoPA)
PA 8N 1Y PN
NN H02Y INA DY NDID HYIVN MINYNNN NONNN BY PN N MDY 1D NIWWNN NN PNIAD TN DY
PNTIT NN NN D779 ABA > 5y 1non) 195 0Py mMNynn 200N ywinnm aoprn ABA-N nyswn



7

NOW P2 92¥0 NTIPIL(6 INNN) 920N T NOXNN DNNIA NV PDY NNNI MWYAVN NNTIND DHYHN TIND ABA v
(3 M1NA NNTIN NMPY DRI MINYNNN 2ADY NONNND NNTINND

HC - | ABA
contro! [
0 1000 2000 3000 4000
HC - -
Control _—| neoPA
50 100 150 200
HC - F—
Control Y - PA
0.0 0.1 0.2 03 0.4
HC - =

Control _—' DPA

100 200 300 400 500
ng/gFW

Fig s5: Effect of HC on levels of ABA and its degradation products. HC-treated and Control buds of cv. Early Sweet were
sampled at 12, 24, 48 and 96h after treatment and used for analysis of endogenous ABA and its catabolites. The analysis was
carried out in Prof. Yuji Kamiya lab in Riken, Yokohama, Japan. ABA was extracted from 0.5 g bud tissue. Frozen samples
were ground in liquid nitrogen and extracted overnight with 10 ml methanol:acetic acid solution. Reverse-phase and ion-
exchange chromatography were used for sample purification. High Performance Liquid Chromatography/ Mass Spectrometry
(HPLC-MS) analysis was then performed. Levels at 48h are shown.
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Fig. 6: Levels of ABA degradation products throughout the dormancy cycle. Buds were sampled weekly from field
grown grapevines and used for analysis of PA, DPA and neoPA levels as detailed above.



8

ABA Sv ov9)201n0 NP3 01991 D) DY DMV DY NNTIN 29IV DIV DY HYawn
oV 19N TONM NINPOPIAN PONNA MNPV MO XY 1IN ABASox-y NCED-> my11pnn 0dnn mnavn
PNIY TN Oy N W omia XERICO 5 11pnn 0 pm ,inTIn »Maw oo9v nysvina ABA
P19 MNP MHNN DY DMNYNRI DIP21 1T .GA Sv ovD1vn oy ABA ov)avn HY mSpRIVIN

LPNNN NN NN NINININ NPNIAN DY NPNIN NHDIDN XYL NN NDMANRND ITIN MOIIYNI

OTION NOPN NHDIN AN DM DY DINMN NXNL VIdY Tin WX ABA8ox -y NCED Sv 0in mnavn
0”9 Mo NCED-Y or11pnn 00y nvivwy ABASo0X-5 D 11pnn 00) nwinn Dn»p 2D InNoyn
gRT- mysnxa oypoa NNIWNN 2 53 DY DMV 1NN DN P D>TIAND MN DY NNAVWNI ) D35 OO TIN»
Y¥p91 0XRVIANN ABA80X nnNawn »an 2 -y NCED nnavn »2a nuidw 7inm 0w 2 RN N MYOIN PCR
DM 1)

3% -2 990V O»PI9 TN 0NN NN YH2X1 NNYOIN MNNA early sweet 11NN 0I9N INDNY MNDIN
oy DIPLN NYIVN DIDVNN MYVIS 48 ;24 |12 INND INIPIN DYPI MNTHI 2 NNNNA VNI DM, TPNINOY
220 HC-2 5190 7 X¥nN,NIPA 51905 RNV MINAY YPO1 DIRVIANNN NNAYN DD N2 DY MNVXAN NNI
(7 Mmn) VvXerico - VVNCED3  Hv D nynin N2 Npnam nmpo

VvXerico VVNCED3

60 1

—e— HC B —8—HC
—O— Control 50 1 —O— Control

w N
a o
>

W
o

404

N
a

30 1

N
o

20 A

H
[$,]
Relative expresion level

Relative expression level

10 A

=
o

4

12h 24h 48h 96h 120h 12h 24h 48h 96h 120h
Hours after HC tretment Hours after HC treatment

Fig. 7: The effect of HC on the transcript levels of VvXerico and VVNCED3. Total RNA was extracted from HC-treated
buds. The relative expression levels of each gene were determined by quantitative real-time PCR (qRT-PCR) and normalized
against VVActin . The values represent the mean + s.e. of two biological repeats with two technical repeats each. VvXercio
and VVNCED?3 relative expression profiles at 12 to 120h after HC treatment are presented and compared with Control.
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Fig.8: The effect of HC on the transcript levels of VVABA8OX1 and VvABA8OX3. Analyses were conducted as
described in Fig. 7. VWVABA8OX1 (A) and VVABABOX3 (B) relative expression profiles at 12 after HC treatment are presented
and compared with Control. (C) comparative analysis of the effect of HC, Azid and heat shock on the transcript levels of
VvABA8OX3 was conducted. HS treatment was conducted with buds that were first incubated in 0.02% Trion solution for
48h. Cuttings were immersed in 500C water for 1 h as described in Halaly et al., 2008. Azid treatment was conducted as HC

treatment, using 2% sodium azid instead of HC. The relative expression levels of each gene were determined as detailed in
fig. 7.
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Fig 9: Expression profile of VVNCED3 and VvABAS80x3 throughout the dormancy cycle. Details are as described in Fig
4. Total RNA was extracted from frozen buds sampled weekly as described above. The relative expression levels of each
gene were determined by quantitative real-time PCR (qQRT-PCR) and normalized against VVActin. The values represent the
mean = s.e. of two biological repeats with two technical repeats each.
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Fig. 10: The effect of HC on the transcript levels of the bud-expressed ABA receptors. Analyses were conducted as
described in Fig. 7.
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Fig. 11: The effect of HC on the transcript levels of bud-expressed PP2C phosphatases that are involved in ABA
signaling. Analyses were conducted as described in Fig. 7.
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Fig. 12 : Inhibition of ethylene signaling limit the effect of HC on endogenous ABA level. Cuttings were treated with
HC and placed in glass jars, with and without NBD, as detailed by Ophir et al., 2009. After 48h, buds were
collected and used for hormonal profiling as described in Fig. 4.
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Fig. 13: The effect of GA on bud break. Left panel: Cuttings were shortly dipped in 10 ppm GA solutions with
0.02% Triton and then transferred to tap water. All other procedures are as described in Fig. 2. HC and GA;HC
treatments were applied similar to HC and ABAHC treatments, as described in Fig. 2, with 10 ppm GA instead of
ABA solutions; central panel Stereoscope analysis of GA; treated buds; Right pannel The procedures carried after

GA; treatment are as described above but treatment s were incubated in GA3 at different time windows from
cutting preparation.
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Fig 14: The effect of GA on ABA level and on the transcript levels of ABA metabolism regulators in grape buds.
See Fig 4, 7 and 13 for experimental details.
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Fig. 15: Concentration of endogenous Iso pentenyl adenine (IP) in HC-treated and control buds. See details in Fig,
5. Data represent two independent experiments from 2 different seasons.
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Fig. 16: Preliminary test of the potential of CPPU and TDZ, synthetic cytokinins, to enhance bud break in the
vinyard. 200 ppm of CPPU and 200 ppm of TDZ were sprayed on dormant canes of cv. Early sweat in a commercial
vineyard in Petachia, in parallel to 0.025% triton control. Vines were pruned prior to treatment. Nine vines were used for
each treatment and each served as a repeat. Bars represent SD.
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