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a- Biosynthesis of IAA

Thimann (1935)
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Wildman et al (1947)
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b-Free Versus Bound Auxins
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Indole-3-acetaldehyde
Indole-3-acetonitrile
Indole-3-ethanol
Indole-3-pyruvic acid
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1- Hydrolysis UL o s 5 L b Ly &5 Sl 42
2- Enzymolysis (enzymatic breakdown)
3- Autolysis (self-digestion)
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C- Destruction of IAA [AAC, 5

1- Enzymatic oxidation (IAA oxidase)
2- Photo oxidation

D- Synthetic Auxins
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Indoles
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Indole-3-acetic acid Indole-3-butyric acid
(IAA) (IBA)
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Chlorophenoxy acids
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Cl (&}
Cl
2,4,5-Trichlorophenoxy 2,4-dichlorophenoxy
acetic acid acetic acid
(24,5-T) (2,4-D)
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Naphthalene acids
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a-Naphthalene acetic acid B-Naphthalene acetic acid
(0-NAA) (B-NAA)
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Benzoic acids
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Auxin Transport

F. Went (1934): basipetal

Jacobs (1961): seigpeiEl I
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Danielli (1954) v
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c Col t4(2YY6)

- 1AA
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2 +1uM
IAA

d Light-grown tt4(2YY6) seedlings
have increased [°HJ-IAA
root basipetal auxin transport.

Figure 5. The inverted
umbrella model of TAA

- IAA transport .

Tissue source (fmo!)g fransport in roots. IAA
moves downward in the

Col 5.05+0.24

{t4(2YY6) 6.16 £ 0.29 stele and then refums a

short distance to the
growing zone in the oufge

2The results are pooled from four experiments
of ten seedlings per treatment; the

average and SE are reported.

bSignificantly different as judged by Student's
ttest, P = 0.005.



TAA Jlai bt

f j Agar block containing auxin

]
G
Excised segment
Auxin transported through
Oat Coleoptile segment to lower block
D Agar block containing auxin
Lol =\
- ‘ . —
Inverted excised segment
No auxin transport through

Oat Coleoptile inverted segment
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Figure 3. Components of transmembrane
auxin transport according to the chemiosmotic
polar diffusion model (33). A membrane pH
gradient (maintained by plasma membrane H -
ATPases) drives diffusive accunmlation of
undissociated axin molecules. At the higher
pH of the cytoplasm. some of the auxin
molecules which enter the cell dissociate. The
plasma membrane 15 relatively impermeable to
amxin anions (IAAT), which are “trapped” in
the cytoplasm and can only exit or enter the
cell through the action of specific influx
(upper; light shading) and efflux (lower; heavy
shading) carrier systems. Asymmefry in the
distribution of the two carrier systems, more
especially the efflux carrier, results in a net
polar transport of auxin through the cell.

Chemiosmotic s
[AA _bLs Jts)

Low pH

Cell wall

Cytoplasm

Auxin anion carrier



* A component of auxin transport, which is highly polar, appears to be catalyzed by auxin efflux carriers,
membrane proteins thought to pump auxin molecules from the interior of cells into the surrounding
extracellular space, or apoplast, from where they can enter neighboring cells. In this model, an asymmetric
distribution of auxin carrier proteins within the plasma membrane, defines the direction of auxin transport.



Polar transport of auxin

H'm"i'"m" Transport at ~1 cm/hr
Cell wall Cedl
i 1w ' | implies active transport
|

| '!n @ | | ~ il“
) Q:_ N @J /) = Picks up a hydrogen ion at
) e \_\' 77 the acid wall environment
,’/ = <—~—|— Passes across membrane as

|
| a neutral molecule

Gives off the H into the
cell which induces the

/é' /= proton pump
7

Auxin can only exit the cell
at its basal end where there
are specific carrier
proteins




E- Physiological Effects of IAA

1- Cellular Elongation s s | ob
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The acid growth hypothesis

Auxin
stimulates

|

Protein
(H* pump)

LR N

CyToPLASM

\!

Cellulose
molecule Cellulose loosens; cell can elongate
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Cytosol — ' Cellulose fiber

N callwall 1. Auxin causes

cells to pump
Enzyme hydrogen ions
(inactive) into the cell wall.

Cross-bridge

. pH in the cell
. wall decreases,
Active activating
enzyme enzymes that
break cross-
bridges between
cellulose fibers
in the cell wall.

. Cellulose fibers
loosen and
allow the cell to
expand as turgor
pressure inside
the cell pushes
against the
cell wall.




Cell wall
Cross-linking enzymes
cell wall
polysaccharides
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Cell
Plasma wall
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Nucleus | Cytoplasm

% @ Plasma membrane

CYTOPLASM
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2- Phototropism S8,

Phototropic responses including the bending
of growing stems to sources of light with
blue wavelengths (460-nm range)

Light with blue Light without
%Lwavelength L%\Naw&elength

LLH\ )

M ( )

\\ ¥

Coleoptile does

Coleoptile bends not bend toward
toward light with light without
blue wavelength blue wavelength

19



Phototropisms

A blue-light receptor phototropin 1 (PHOT1)
has been characterized

-Has two regions

-Blue-light activates the light-sensing
region of PHOT1

-Stimulates the kinase region of
PHOT1 to autophosphorylate

-Triggers a signal transduction

20



Phototropisms
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Cell
membrane

Blue light

1. Light with blue wavelengths strikes plant 2. Blue light is absorbed by PHOT1, causing 3. This conformational change results in auto-
cell membrane with phototropin 1 (PHOT1). a change in conformation. phosphorylation, triggering a signal transduction.

A protein kinase is a kinase enzyme that modifies other molecules, mostly proteins, by chemically adding phosphate groups
to them (phosphorylation)

21
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Responses to Gravity

Gravitropism is the response of a plant to the
gravitational field of the Earth

-Shoots exhibit negative gravitotropism;
roots have a positive gravitropic response

reproduction or display,

23



Responses to Gravity

In shoots, gravity is sensed along the length of
the stem in endodermal cells surrounding
the vascular tissue

-Signaling is in the outer epidermal cells

In roots, the cap is the site of gravity
perception

-Signaling triggers differential cell elongation
and division in the elongation zone

24
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Stem

Vascular tissue
Endodermal cells
Epidermal cells

Gravity-
sensing cells

response cells
Amyloplasts

Based on data from The Arabidopsis Book. Figure
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Zone of Gravity
elongation response
cells

Signal

Columella Gravity-

cells with sensing

amyloplasts cells in
root cap

Based on data rom The Arabidopsis Book. Figure



Gravitropism
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« Plants may detect gravity by settling of statoliths, specialized
plastids containing dense starch grains located in lower
portions of cells (in roots, certain root cap cells)

— Aggregates at lower points trigger redistribution
calcium, which causes lateral transport of auxin
root

— Calcium/auxin accumulate on lower side of
root’s zone of elongation

— At high concentrations, auxin inhibits cell
elongation, slowing growth on root's lower side

— More rapid elongation on upper side causes
root to curve as it grows

(b) Statoliths settling

— Still oceurs in plants w/no statoliths (dense organelles, in addition to
starch granules, may contribute to gravity detection)

28



3- Geotropism




Stem Response to Gravity

Auxin accumulates on lower side of the stem

-Results in asymmetrical cell elongation
and curvature of the stem upward

Two Arabidopsis mutants, scarecrow (scr)
and short root (shr) do not show a normal
gravitropic response

-Due to lack of a functional endodermis
and its gravity-sensing amyloplasts

30
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Wild Type Mutants

Gravity

Root sections

|
1,600 pm 1,600 pm

Loss of
functional . :
endodermis Epidermis

Epidermis

(all): Jee Jung & Philip Benfey



Root Response to Gravity

Lower cells in horizontally oriented root cap
are less elongated than those on upper side

-Upper side cells grow more rapidly causing
the root to ultimately grow downward

Auxin may not be the long-distance signal
between the root cap and elongation zone

-However, it has an essential role in root
gravitotropism

32



4- Apical Dominance Sl e

5- Ethylene Production
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2- Effects of PGs on adventiticeus root formation in
cuttings
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Company Formulation Trade name Active
ingredients
ACF Chemicfarma, The Powder CHRYZOPON 0.1% IBA
Netherlands CHRYZOTEK 0.4% IBA
CHRYZOSAN 0.6% IBA
CHRYZOPLUS 0.83% IBA
Powder RHIZOPON A 0.5% 1AA
RHIZOPON A 0.7% 1AA
RHIZOPON A 1.0% LAA
RHIZOPON B 0.1% NAA
RHIZOPON B 0.2% NAA
RHIZOPON AA 0.5% IBA
RHIZOPON AA 1.0% IBA
RHIZOPON AA 2.0% IBA
RHIZOPON AA 4.0% IBA
RHIZOPON AA B.0% IBA
Brooker Chemical Corp., Powder Hormex MNo. 1 0.1% IBA
Morth Hollywood, CA Hormex MNo. 3 0.3% IBA
Hormex No. 8 0.8% IBA
Hormex No. 16 1.6% IBA
Hormex No. 30 3.0% IBA
Hormex No. 45 4.5% IBA
MSD-AGVET, Rahway, NJ Powder Hormodin 1 0.1% IBA
Hormodin 2 0.3% IBA
Hormodin 3 0.8% IBA
Hortus Products, Powder Hormo-Root A 0.1% IBA
Mewfoundland, NJ Hormo-Root B 0.4% IBA
Hormo-Root C 0.8% IBA
RHONE-POULENC, Re- Powder Rootone 0.1% IBA and
search Triangle Park, NC 0.2% NAM
Coor Farm Supply, Liquid C-mone 1.0% IBA
Smithfield, NC C-mone 2.0% IBA
ALPKEM Corp., Liquid DIF'N GROW 1.0% IBA and
Clackamas, OR 0.5% NAA
Wilson Lab., Ontario, Ligquid Roots 0.4% 1IBA
Canada
Earth Science Products, Liguid Wood's Rooting 1.03% IBA and
Wilsonville, OR Compound 0.51% NAA
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Indole-3-acetic acid
(TAA)

CHyCO0H

0

a-Maphthalene acetic acid
{c-MNAA)

N

Indole-3-butyric acid
(IBA)

Potassium salt of a-NAA
(K-a-NAA)

Aryl amide of IBA
(NP-IBA)



