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Facts about Cornell

» NAEN
- April 27, 1865
. I@m Ezra Cornell weaay Andrew D. White

> ﬁﬁg\a Ithaca, New York, USA

. 745 acres (1900 1)

» Public and Private

- Federal land-grant institution of New York State

» vy League




Facts about Cornell

» 11 Colleges/School
- College of Agriculture and Life Science
- Department of Horticulture

» Student (2008)

- Undergraduate 13846
- Graduate 6427

» Semester:

- Fall (Mid Aug. — Mid Dec.)

. Spring (Late Jan. — Mid May)



Ezra Cornell Andrew D. White
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Department of Horticulture

» Floriculture & Ornamental Horticulture
» Pomology
» Vegetable Crops

» Postharvest Physiology

» Graduate Research Assistantship
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PhD Degree Requirements

» Special committee

. aeiNauag 3 A

» Coursework

. Lb&ILLBl Special committee

- AUNUI 4 KU

» 6N “Q-Conference”
» WU “A” exam

» N1 “B” exam




PhD Degree Requirements

» TA (Teaching assistant)

»  darauIneNAnUE
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Prof. Dr. Christopher B. Watkins




Effects of Chilling on Tomato Fruit
Ripening

Chilling = an exposure to low, but non-freezing,
temperatures

Chilling injury = a physiological disorder that occurs
when plant or plant parts exposed to low, but non-
freezing, temperatures.




Part 1. Cell Wall Metabolism

p—



alteration of cell wall metabolism by chilling

- mealiness or woolliness in peaches and
nhectarines

e T R
4

(A)

lack of juiciness, dry
and mealy texture

major commercial
problem

Objective:

To evaluate the hypothesis that tomato
could be a model system to investigate cell
vall alteration induced by chilling injury in




Breaker stage cv. Trust

¢ ¥

1, 2, 3 weeks 0,1,3,5,7,9,12d

3 °C

Cold storage

. 2

Ripening

Ripening
0,1,3,5,7,9,12d




Fruit assesments:

— Ethylene production

— Color

- Firmness (Deformation)
- Extractable juice

Cell wall analyses:
— Pectin solubilization
— Pectin depolymerization

Enzyme activity:

- Polygalacturonase (PG)

— Pectin methylesterase (PME)

- B—galactosidase (B-gal)

- Endo-B-1,4-glucanase (EGase)

Gene expression (northern blot
analysis):

- PG - PG

PMET].9 — PME

LeExp] — Expansin

TBG4 — B-galactosidase
Cell,Cel5,Cel8 — EGase

Protein accumulation (western
blot analysis):
- PG and Expansin 1



Extractable juice

100
95
S
~ 90 -
S
=
@ 85 -
o
<
S 80 -
S —&— Non-chilling
d 75 —O— 1wk cold storage
—aA— 2 wks cold storage
—/— 3 wks cold storage
70 ,/
0

0 1 3 5 7 9 12
Ripening Time (Days)




PG activity

800
700 1 | —e— Non-chilling
500 - —O— 1 wk cold storage
—&— 2 wks cold storage
c0p | | —2— 3wks cold storage { w

400 -

300 A

PG Activity
(units/mg protein)

200 -

100 -

Ripening Time (Days)




PME activity

90

80 1 —@— Non-chilling

—O— 1 wk cold storage

701 —a— 2 wks cold storage ns
60 1 —2— 3 wks cold storage

ns

50
40 1
30 A

PME Activity
(units/mg protein)

20 A
10 -

0 1 3 5 7 9 12
Ripening Time (Days)
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<35
%L
(‘UQ'
- © 600
5 2
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200

B-gal activity

—&— Non-chilling
—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 3 wks cold storage

U

ns

1 3

5 7 9 12
Ripening Time (Days)




EGase Activity
(units/mg protein)

700

600 -

500 -

400 -

300 -

200 -

100 +

EGase activity

ns ns

—&— Non-chilling
—O— 1 wk cold storage

—aA— 2 wks cold storage
—/— 3 wks cold storage

0 1 3 5 7 9 12
Ripening Time (Days)




PG

PMET.9
Northern Letxpl
blot
analysis TBG4
Cell
rRNA

Days at 20 °C 01512 01512 01512 01 512

0 1 2 3
\




Western blot analysis

LeExpl

PG

Days at 20 °C 01512 01512 01 512 0 1 5 12

Storage time (wks) 0 1 2 3




Part 2. The expression of ripening-
related genes affected by chilling in
tomato fruit

p—



Objective:

To examine the effects of chilling on a wider

range of metabolic processes than those
involved in cell wall disassembly




Breaker stage

1,

S

3°C

Cold storage

Ripening

¢

01 11

20 °C

Ripening




Fruit assessments:

- Ethylene production
- Color

- Firmness

Gene expression:
- Reverse transcription polymerase chain reaction (RT-PCR)
analysis
- Candidate genes
(1) previous published work
(2) microarray analysis

nonchilled vs. fruit stored for 4 weeks
5 groups of genes investigated:

1. color, 2. softening, 3. volatiles, 4. ethylene biosynthesis and
perception, 5. LeMADS-RIN




Nonchilling

Day(s) at 20 °C 0d 3d 7d 14 d 21d

4 wks cold
storage




1. PSY1 = phytoene synthase 1

2. CRTISO = carotenoid isomerase

3. GGPPS2 = geranylgeranyl diphosphate
synthase 2

4. DXS = 1-deoxy-D-xylulose-5-phosphate
synthase




Carotenoid
biosynthesis

Relative gene expression

3.0 -

2.5 1

2.0 1

1.5 1

1.0 -

0.5 -

0.0

3.0 1

2.5 1

2.0 -

1.5 -

1.0

0.5 1

0.0

A. PSY1

—&— Non-chilling
—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

B. CRTISO

o

b

Ripening Time (Days)

3.0 -

2.5 1

2.0 1

1.5 1

1.0 1

0.5 1

0.0

3.0 1

2.5 1

2.0 -

1.5 1

1.0 1

0.5 1

0.0

C. GGPPS2
D. DXS

—A
01 3 7 14

Ripening Time (Days)




2. Softening

Deformation (mm)

Firmness (Newton)

3.0

N
o
1

N
o
1

=
Ul
1

=
o
1

0.5

A. Whole fruit firmness

I

|
3

ns:[

St

40 A

w
o
1

N
o
1

[EEN
o
1

B. Pericarp firmness—®— Non-chilling
—O— 1wk cold storage
ns |

—A— 2 wks cold storage
—A— 4 wks cold storage

o A
- 4
w
-

14
Ripening Time (Days)




1. PG = polygalacturonase

2. PE = pectin esterase 1

3. TBG4 = b-galactosidase TBG4
4. LeExpl = tomato expansin 1

5. XTH5 = xyloglucan endotransglucosylase/
hydrolase 5




—&— Non-chilling

—O— 1 wk cold storage
—&— 2 wks cold storage
—— 4 wks cold storage

A. PG

B. PE1

Cell wall
disassembly (1)

Relative gene expression

| c. TBG4

0 1 3 7 14

Ripening Time (Days)



Cell wall
disassembly (2)

C
2
[7p)
)
[¢B)
| -
o
x
[¢B)
[¢B)
C
[¢B)
(@)
[¢D)
=
s}
R,
[¢D)
o

A. LeExpl

—&— Non-chilling
—O— 1wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

B. XTH5

ﬁ

01 3

7 14

Ripening Time (Days)




1. ADH2 = alcohol dehydrogenase 2
2. AAT = alcohol acyltransferase




3. Volatile
Biosynthesis

Relative gene expression

1.5 1

1.0 1

0.5 -

0.0

2.5

2.0 1

1.5 1

1.0 1

0.5 -

A. ADH2

B. AAT

—&— Non-chilling
—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

Ripening Time (Days)




4. Ethylene Biosynthesis and Perception

3500

3000 -
I —&— Non-chilling

c 2500 - —O— 1 wk cold storage
o
5 —A— 2 wks cold storage
S o 2000 - —A— 4 wks cold storage
S <
o 2 1500 -
L=
s <
=, 1000 +
e
o
LL 500
0

1 ns

Ripening Time (Days)



1. ACS2 = 1- amino cyclopropane-1-carboxylic
(ACC) synthase 2

2. ACS4 = ACC synthase 4

3. ACO1 = ACC oxidase 1

4. ACO6 = ACC oxidase 6




Ethylene
biosynthesis

Relative gene expression

3.5 1

3.0 1

2.5 1

2.0 -

1.5 -

1.0 1

0.5 1

0.0

3.5 1

3.0 1

2.5 1

2.0 -

1.5 -

1.0 -

0.5 -

0.0

A. ACS2

Y
B. AC$4

—2

01 3 7 14

Ripening Time (Days)
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0.0

3.9 1

3.0 1
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1.5 -
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0.5 1

0.0

C. ACO1

D. ACO6

—&— Non-chilling
—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

01 3 7
Ripening Time (Days)

14




Ethylene
perception

Relative gene expression

2.5 1

2.0 -

1.5 1

1.0 1

0.5 1

0.0

2.5 1

2.0 1

1.5 1

1.0 1
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.LeETR1
B NR
o)
01 3 7 14

Ripening Time (Days)

2.5 1

2.0 -

1.5 -

1.0 1

0.5 -

0.0

2.5 1

2.0 1

1.5 -

1.0 -

0.5 1

0.0

C. LeETR4

—&— Non-chilling

—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

4
o
D. LeCTR1
—8
1
01 3 7 14

Ripening Time (Days)




Ethylene
transduction
signal (1)

Relative gene expression

3.0 -

2.5 1

2.0 -

1.5 -

1.0 1

0.5 -

0.0

3.0 1

2.5 1

2.0 1

1.5 -

1.0 -

0.5 1

0.0

. LeEIL1
B. LeEIL2
01 3 7 14

Ripening Time (Days)

3.0 1

2.5 1

2.0 -

1.5 -

1.0 1

0.5 1

0.0

3.0 -

2.5 1

2.0 1

1.5 -

1.0 -

0.5 -

0.0

C. LeEIL3

D. LeEIL4

—&— Non-chilling
—O— 1wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

e ——

01 3 7 14
Ripening Time (Days)




A. LeERF2 —&— Non-chilling
—O— 1 wk cold storage
—A— 2 wks cold storage
—/— 4 wks cold storage

1.5 1

1.0 -
% 0.5 -
Ethylene =
transduction 2 00
signal (2) @ B. LeERF3
'c_:g 1.5 -
g
1.0 -
0.5 -

3 7 14
Ripening Time (Days)




5. LeMADS-RIN

—&— Non-chilling

4.0 A —O— 1 wk cold storage
35 | —A— 2 wks cold storage
—/— 4 wks cold storage
3.0 -

2.5 -
2.0 1
1.5 1

Relative gene expression
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0.0 —
0 1 3 7 14
Ripening Time (Days)
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