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Natural Rubber Production: Tapping & Ethephon Stimulation
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Stimulation of the laticifer metabolism by ethylene

(from J. d’ Auzac)
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Wounding & ethylene regulation of the gene expression in laticifers
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Exogenous & endogenous ethylene production in bark tissue
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Siwey: Endogenous ethylene production in bark tissue after tapping and after
ethephon treatment

Audley (1975): ethephon could not induce ethylene production in 2-year-old stem

Sivakumaran (1984): Endogenous ethylene concentration in bark were higher in
wound-susceptible clones than wound-resistant clones
Ethylene (nl/g/h)

Tapping Apparent  Exogenous Endogenous Endog./Exogenous

1 334 124 210 169 %
2 66 31 35 111 %
3 118 62 56 91 %
4 94 64 31 49 %

Releasing ethylene of bark tissues after ethephon treatment
Exploitation system: S2D2



A model to study the regulation of the gene expression by ethylene

and wounding.

Appllcatlon and symptoms observed after ethylene and wounding treatments in 3-month-old shoots
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Effect of wounding & ethylene on the expression of genes involved In
ethylene biosynthesis and related pathways in 3 clones with
contrasting metabolism

SAMS genes H ACS genes § ACO genes 1 ERS1-ERS2-ETR1-ETR2-EIN4 § CTR1 |k EIN2 4§ EIN3 4 ERF1
"4 4 "4
AIB
MTA AVG ETOl Cu2t. Zn2t.Co?*
Yang&Hoffman AOA J SA ’
cycle (1984)
i Il
SAMS ACS ACO _
Met /\’\ > SAM ACC ~ » ET — Receptors — Transduction
ATP 1 lSAMD conjugation 12C0O, CO, T
T y : + HCN NBD
Polyamine BCAS o,
KCN biosynthesis MACC, GACC l DAPC
Ag+
B-cyanoalanine s[é;s v
+ Asp 1-MCP
Response
Transcription Translation Functional protein

(CHI, CHS, PR prot, ET biosynt., fruit maturation) (PGA polygalacturonase)



Step for the analysis of the gene expression using real-time RT-PCR
Light Cycler 480 (Roche)

cDNA, EST, reference
genes (Ubi, Actin, etc.) Plant samples

(3 independent samples per treatment)
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High-throughput gene expression analysis using 384-well plate on
real-time PCR Light Cycler 480 (Roche)

1. Manual preparation of 96- 2. Preparation of 384-well plates using 3. Real-time PCR analysis using
well plates Robot Beckman Coulter 384-well plate on PCR Light
Cycler 480 (Roche)

Primers, water & SyberGreen
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Comparison of the expression of genes involved in ethylene

biosynthesis during daytime in three clones with constrasting

metabolism.

Value must be multiplied by 10-4. (*) a-b Fisher test (LSD). All values with the same letter are
not significantly different (P <0.05). Each value is the mean of 3 replications.

Clone Daytime | SAMS ACSI ACSF10 | ACOl ACO2 ACO3 CAS

PB 217 8h00 1953 £ 110° 0.6 +£0.5% | 20+ 8 35+ 26 817 £ 533° 216+ 113° 819 + 220b¢
12h00 2997 + 4092 0.5+0.3¢ 19 £52 60 + 54 1031 + 529° 257+ 1 10° 1339 + 343°
16h00 3499 + 15472 | 3.9+£4.9% [ 2] +5° 41 £ 13b¢ 4874 £3673% | 514 £247° 1062 £ 118

RRIM 600 | 8h00 413 + 31°¢ 0.1+£0° 1.4+0.7° | 6£3° 55+18° 40 £21° 214 + 41¢
12h00 509 £116° 0.2+0.2° 1.9+£1.9° [ 9£9¢ 118 £ 66° 62 £ 58° 293 £ 119°
16h00 496 +61° 0.1 +0b¢ 20+£0.7° | 4£1° 101 £ 19° 107 + 102° 579 £ 268b°

PB260 8h00 16+ 7° 4.1+2.5% | 12+ 7% 507 £419° 4 +3b 273270 + 128410* | 1531 £317°
12h00 16+ 2°¢ 54+1.1° | 24+192 2824+ 162% | 7+£9° 354130 + 188870* | 3803 + 1266*
16h00 13 £4° 147+68* | 14+ 11% | 186+ 80> | 8+2° 314300 £ 260920* | 3794 £ 570*




Day/light regulation of the accumulation of transcripts for genes
encoding enzymes related to ethylene biosynthesis & cyanide
detoxification in 3 clones with contrasting metabolism

o

PB 217 SA|\/|S> ACS1 > ACS-F3> ACS-F10> ACOl> ACOD A(‘V:O:} BéAS>

RRIM 600 | SAMS > | Acst > | acsFs > | acsFuo > | ACOL > | ACO2> | ACO3> | BCAS>

oo

PB 260 | sams > A“c31 > ACS-F3> ACS-F10> ACO ACO2 > ACOS > BC“:AS>

-> The effect of a treatment must be related to the expression of a control sampled at
the same daytime



_ Non-regulated genes  Down-regulated genes

Treatment Clone SAMS ACS1 ACSF3 ACSF10 ACOl1 ACO2 ACOS CAS UBI
Wounding 15min  PB217 0,8 1,0 0,3

RRIM 600 1,1 0,4 0,8 1,2

PB 260 1,8 0,5 0,3 1,9
MCP/Wounding 15min PB217 1,2 0,0 0,8 0,6

RRIM 600 0,2 1,2 0,8

PB 260 0,8 1,4 -
Wounding 4h PB217 1,5 1,1 1,1

RRIM 600 1,4 0,9 0,8

PB 260 1,4 0,6
MCP/Wounding 4h PB217 0,8

RRIM 600 0,7 1,0 1,4 0,7 1,5 1,2 0,8 1,1 0,9

PB 260
Ethylene 4h PB217

RRIM 600

PB 260 1,7 1,8 0,5 1,3 1,6 1,7 2,8 1,4
MCP/Ethylene 4h PB217 0,6 1,6 0,4 1,1 1,6 1,7 0,4 0,9 0,9

RRIM 600 0,9 0,8 1,0 1,1 1,0

PB 260 1,4 1,1 1,7 1,4 0,8
Ethylene 24h PB217 1,1 0,3 1,4 0,4 1,5 1,7

RRIM 600 1,0 1,2 0,5 1,6 - 1,7 -

PB 260 0,7 1,2 0,5 0,9 0,9 0,8 0,9 0,5
MCP/Ethylene 24h PB217 0,9 0,2 0,2 -

RRIM 600 1,3 0,8 0,9 1,4

PB 260 - 1,1 0,5 1,3




Ratio of up- or down-regulation calculated with the level of gene
expression in treated & control tissues sampled at the same daytime

:

1-MCP

ET — Receptor — Response: ET biosynthesis
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Regulation of the expression of gene ACS-F3 in clone RRIM 600
upon ethylene treatment. Three biological replicates

Pretreatment  Treatment Expression ACSF3
None Control (8h00-12h00) Mean 0.00261
None Ethylene 4h (8h00-12h00) Mean 0.04560
Raio |
p-value 0,21
1-MCP 16h  Control (8h00-12h00) Mean 0.01040
1-MCP 16h  Ethylene 4h (8h00-12h00) Mean 0.01335
Ratio 1,3
p-value 0,69




ACSF3
Ethylene 4 RRIM600 ratio [N
p-value 0,21
MCP/Ethylene 4h RRIM 600 ratio 1,3
p-value 0,69
Treatment Clone ACSI1
Wounding 15min  PB217 ratio -
p-value 0,10
RRIM 600  ratio -
p-value 0,24
PB 260 ratio -
p-value 0,21
MCP/Wounding  15min  PB217 ratio -
p-value 0,18
RRIM 600  ratio -
p-value 0,13
PB 260 ratio -

p-value

0,21

1-MCP

ET 4h
ET 4h
ACS-F3 ACS-F3>
PB 217 PB 260
RRM 600
W15min W15min
ET
v v
ACS1 CS1 >




Early and late wounding & ethylene effects on the accumulation of transcripts for
genes encoding enzymes related to ethylene biosynthesis & cyanide detoxification

PB 217 SA|\/|S> ACS1 > ACS-F3> ACS-F1(> ACO1 > ACO} ACO:} BCAS>

RRIM600 | SAMSY acst M acsrs > acsrio >[ aco1r >[ACO2>[ ACO3> BCAS>
t 4 1 t )
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PB 260 SAMS > ACS1 >
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PB 217 SAMS> | acst > | AcsF3 > | Acs-F10> | ACO1 > [ACO2> |ACO3> | BCAS>
RRIM 600| SAMS > | acst > | acsFs > | acsFi0 > | ACOl > | ACO2> | ACO3> | SCAS>
PB 260 SAMS > ACSL > ACS-F3> ACS-F10> ACO]> AC02> AC03> BCAS
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highly regulated by wounding

for genetic studies

for CN detoxification
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