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Schwartz, S.H., Qin, X., and Zeevaart, J.A.D. (2003). Elucidation of the
indirect pathway of abscisic acid biosynthesis by mutants, genes, and
enzymes. Plant Physiol. 131: 1591-1601.


http://www.plantphysiol.org/cgi/content/full/131/4/1591
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Han, S.-Y., Kitahata, N., Sekimata, K., Saito, T., Kobayashi, M., Nakashima, K., Yamaguchi-Shinozaki, K., Shinozaki,
K., Yoshida, S., and Asami, T. (2004). A novel inhibitor of 9-cis-epoxycarotenoid dioxygenase in abscisic acid
biosynthesis in higher plants. Plant Physiol. 135: 1574-1582.


http://www.plantphysiol.org/cgi/content/abstract/135/3/1574
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Reprinted from Nambara, E., and Marion-Pol, A. (2003) ABA
action and interactions in seeds. Trends Plant Sci. 8: 213-217
with permission from Elsevier.


http://dx.doi.org/doi:10.1016/S1360-1385(03)00060-8
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Audran, C., Borel, C., Frey, A., Sotta, B., Meyer, C., Simonneau, T., and Marion-Poll, A. (1998). Expression studies of the
zeaxanthin epoxidase gene in Nicotiana plumbaginifolia. Plant Physiol. 118: 1021-1028; Qin, X., and Zeevaart, J.A.D. (1999).

The 9-cis-epoxycarotenoid cleavage reaction is the key regulatory step of abscisic acid biosynthesis in water-stressed bean. Proc.
Natl. Acad. Sci. USA 96: 15354-15361.



http://www.plantphysiol.org/cgi/content/full/118/3/1021
http://www.pnas.org/content/96/26/15354.full
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Gonzalez-Guzman, M., et al. (2002). The short-chain alcohol dehydrogenase ABA2 catalyzes the conversion of santhoxin to
abscisic aldehyde. Plant Cell 14: 1833-1846. Schwartz, S.H., Qin, X., and Zeevaart, J.A.D. (2003). Elucidation of the indirect
pathway of abscisic acid biosynthesis by mutants, genes, and enzymes. Plant Physiol. 131: 1591-1601. Seo, M., et al. (2000).

The Arabidopsis aldehyde oxidase 3 (AAO3) gene product catalyzes the final step in abscisic acid biosynthesis in leaves. Proc.
Nalt. Acad. Sci. USA 97: 12908-12913.



http://www.plantcell.org/cgi/content/abstract/14/8/1833
http://www.plantphysiol.org/cgi/content/full/131/4/1591
http://www.pnas.org/content/97/23/12908.full.pdf+html
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Krochko, J.E., Abrams, G.D., Loewen, M.K., Abrams, S.R., and Cutler, A.J. (1998). (+)-Abscisic Acid 8'-Hydroxylase Is a Cytochrome P450
Monooxygenase. Plant Physiol. 118: 849-860. Zeevaart, J.A.D. (1980). Changes in the levels of abscisic acid and its metabolites in excised leaf
blades of Xanthium strumarium during and after water stress. Plant Physiol. 66: 672-678. Charles T. Bryson, USDA Agricultural Research Service,
Bugwood.org



http://www.plantphysiol.org/cgi/content/full/118/3/849
http://www.plantphysiol.org/cgi/reprint/66/4/672
http://www.forestryimages.org/browse/detail.cfm?imgnum=1116018
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http://www.plantphysiol.org/cgi/content/full/118/3/849
http://www.plantphysiol.org/cgi/reprint/66/4/672
http://www.forestryimages.org/browse/detail.cfm?imgnum=1116018
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Reprinted by permission from Macmillan Publishers Ltd: Kushiro, T., Okamoto, M., Nakabayashi, K.,
Yamagishi, K., Kitamura, S., Asami, T., Hirai, N., Koshiba, T., Kamiya, Y., and Nambara, E. (2004). The
Arabidopsis cytochrome P450 CYP707A encodes ABA 8'-hydroxylases: key enzymes in ABA catabolism.
EMBO J 23: 1647-1656 copyright 2004.



http://www.nature.com/emboj/journal/v23/n7/pdf/7600121a.pdf
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Reprinted from Schroeder, J.1., and Nambara, E. (2006). A quick release mechanism for
abscisic acid. Cell 126: 1023-1025 with permission from Elsevier.



http://dx.doi.org/doi:10.1016/j.cell.2006.09.001
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" Date palm growing from)

2000 year old seed.

From Sallon, S., et al. (2008). Germination, genetics, and growth of an ancient date seed. Science 320: 1464, with permission
from AAAS Lotus picture by Peripitus


http://www.sciencemag.org/cgi/content/full/320/5882/1464
http://en.wikipedia.org/wiki/File:Nelumno_nucifera_open_flower_-_botanic_garden_adelaide2.jpg
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Nakashima, K., et al. (2009) Three Arabidopsis SnRK2 protein kinases, SRK2D/SnRK2.2, SRK2E/SnRK2.6/0ST1
and SRK21/SnRK2.3, involved in ABA signaling are essential for the control of seed development and Dormancy.
Plant Cell Physiol. 50: 1345-1363. Copyright (c) 2009 by the the Japanese Society of Plant Physiologists with
permission from Oxford University Press. McCarty, D.R., Carson, C.B., Stinard, P.S., and Robertson, D.S. (1989)
Molecular analysis of viviparous-1: An abscisic acid-insensitive mutant of maize. Plant Cell 1: 523-532.


http://pcp.oxfordjournals.org/cgi/reprint/50/7/1345
http://www.plantcell.org/cgi/content/abstract/1/5/523

To GA amatte(tol yia tnv ekBAGoTnon Twv
OTIEPUATWV

H dpaon tou ABA kai Kivntomoinon
Tou GA oTnv QTTOONKEUTIKWV

2 OUCIWV
eKBAGOTNON TWV

A

;l
OTTEPUATWYV Eival ]
WV /

AVTAYWVIOTIKN. EmpnAkuvon T
KUTTApWV

.ABA “



QDuololoyikec dpaoeilc ABA

\V4
I\
Water withheld ~ Water provided
0pai |
| |
| |
|
|
08 : s
| |
|
|
81 | Water potential decreases
\as soil driesout |
[ |
0 : /Sto_matal
351 | resistance
2 decreases
20 [ (stomata open
: as soil rehydrates) g
I
I |
| |
: \ABA I
] content | !
|
| |
| |
‘:l_l |
(0 Dol I L) I
0 2 4 6 8

Time (davs)

*KAelolpo otopdtwy

(z—wd bu) vav

(A) Shoot

Shoot length increase (mm)

60

50

40

30

20

High ¥,
wild type —
i ——High ¥,
mutant
L Low ¥,
/mutant

\Low Yw
wild type
| | | L |
10 20 30 40 50
Hours after transplanting

(B) Root

Root length increase (mm)

150

120

High ¥,
wild type

90 [

Low ¥y,
wild type

30

20 O KOTortovnoEeLG (otBLOTLKEC)

0 30

60
Hours after transplanting

90

120

(C) Root:shoot ratio

5.0

4.0

3.0

Root:shoot ratio

2.0

0

Water stress
conditions
(Low ¥,)

ABA-deficient
mutant
B A A
A
| | | 55
15 30 45 60
Hours after transplanting

*Ertipnkuvon pilac umo ouvOnkeg eEAAeuwbng vepou



H BloouvBeon ABA amokpilvetal Apeca o€
OUVONKEC KaTAovnong

-2 gy Water Potential

g4f ey 1B 41

Leaf [ABA
water I iy
poten ~ dFV
tial weigh
(atm) . d14 t

W 5361157

Hours of drought stress

Ta etritreda Tou ABA augavouv
UTTO OUVBNKEG ¢NPaaCiag, eV UEPEI
eCaITiag TNG augnong TG
BloouvBeon g Tou

leaves. Plant Physiol. (1974) 53: 125-127.


http://www.forestryimages.org/
http://www.plantphysiol.org/cgi/reprint/53/1/125
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Liu, M.-S., Chien, C.-T., and Lin, T.-P. (2008). Constitutive Components and Induced Gene Expression are
Involved in the Desiccation Tolerance of Selaginella tamariscina. Plant and Cell Physiology 49: 653-663, by
permission of the Japanese Society of Plant Physiologists; Bohnert, H.J. (2000). What makes desiccation
tolerable? Genome Biology, published by BioMed Central.



http://pcp.oxfordjournals.org/content/49/4/653.full
http://genomebiology.com/2000/1/2/reviews/1010
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To ABA g€y EL TA OTOMATA TPOTIOTIOLWVTOC TOV
OYKO TWV KATAPPAKTLWY KUTTAPWV

Pairs of guard
cells surround
the openings of
plant pores
called stomata.
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@ Image hy John Adds Image buYizhou Wang, University of Glasgow

Guard cells control the opening and closing of
stomata to regulate gas exchange: a fine
balance is required to allow CO, in for
photosynthesis and prevent excessive water

| OSS . Guard cell image © John Adds, obtained through [the SAPS Plant



http://www.plantscienceimages.org.uk/

Sirichandra, C., Wasilewska, A., Vlad, F., Valon, C., and Leung, J. (2009)The guard cell as a single-cell model towards
understanding drought tolerance and abscisic acid action. Journal of Experimental Botany 2009 60: 1439-1463. © The
Author [2009]. Published by Oxford University Press on behalf of the Society for Experimental Biology.


http://jxb.oxfordjournals.org/cgi/content/abstract/60/5/1439

To KAELOLLLO TWV OTOUATWY EMAYETAL Ao to ABA TtayuTata Ko
neplhapPavel aA\oyec oTLC AeLToUupyLeC TwV SLOLUAWVY LOVTWV

Y K*,channel

K*,.t channel

To ABA TTpOoKaAEgi au¢non oTo
evOOKUTTaPIKG aaféoTio (Ca?t),
TO OTTOIO EVEPYOTTOIEI DIAUAOUG
aviovTwy (A°) emITPETTOVTAG TNV
£€000 a1Td TO KUTTAPO. To ABA
gvepyoTrolei dlauAoug ¢6doU
KaAiou (K*,,;) KOl avaoTEAAE
TOUG dIaUAOUG €10000U KaAiou
(K*)- ZUVOAIKQ, UTTAPXEI MIa
MEYAAN PETAPOPA IOVTWV EKTOG
TOU KUTTAPOU, N OTToix
QVAYKAOTIKA OUVODEUETAI ATTO
£€000 vePOU (OOpwWON) ME
ATTOTEAEOUA VO EAATTWVETAI O
OYKOG TOU KUTTAPOU Kal O
OTOMATIKOG TTOPOG VA KAEIVEL.

Adapted from Kwak JM, Miser P, Schroeder JI (2008) The clickable guard cell, version II:
Interactive model of guard cell signal transduction mechanisms and pathways. The Arabidopsis
Book, ASPB. doi: 10.1199/tab.0114.



http://dx.doi.org/doi:%2010.1199/tab.0114.

Cover image from Science Vol. 241, no. 4869, 26 August 1988, reprinted with permission from AAAS; photo by Kurt Stepnitz, Michigan State University



Mwc va LETPNOELC
ottBuAevio (circa 1943)

F1a. 1. Absorption train for the collection of ethylene from avoecados.

Pratt, H.K., Young, R.E., and Biale, J.B. (1948). The identification of ethylene as a
volatile product of ripening avocados. Plant Physiol. 23: 526-531.


http://www.plantphysiol.org/cgi/reprint/23/4/526
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DuoloAoyikeg dpaocelc atBuAeviou

eEmaywyn plloyEveongc
e ATOTTTWON GUTIKWV oOpyav
e Apuva Twv GuUTWV

Ethylene

Separation layer
digested

/Yellowing

Leaf maintenance phase Shedding induction phase Shedding phase

High auxin from leaf reduces A reduction in auxin from the Synthesis of enzymes that

ethylene sensitivity of abscission leaf increases ethylene production hydrolyze the cell wall

zone and prevents leaf shedding. and ethylene sensitivity in the polysaccharides, resulting in cell
abscission zone, which triggers separation and leaf abscission.

the shedding phase.
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Reprinted from Serek, M., Woltering, E.J., Sisler, E.C., Frello, S., and Sriskandarajah, S. (2006) Controlling ethylene
responses in flowers at the receptor level. Biotech. Adv. 24: 368-381 with permission from Elsevier.


http://dx.doi.org/doi:10.1016/j.biotechadv.2006.01.007
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Azad, A K., Ishikawa, T., Ishikawa, T., Sawa, Y., and Shibata, H. (2008). Intracellular energy depletion triggers programmed cell death
during petal senescence in tulip. J. Exp. Bot. 59: 2085-2095, by permission of Oxford University Press.



http://jxb.oxfordjournals.org/cgi/content/abstract/59/8/2085
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BlioouvBeon alBuleviou umo cuvBnkec
UTTOCLOC

When flooded, roots
cannot take up
oxygen, and become
hypoxic — oxygen
deprived

Normally, soil has
air pockets from

which plant roots
can take up oxygen

Hypoxia induces ACC
synthase and ethylene
production
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Photo Author: Gordon Beakes©University of Newcastle upon Tyne Image courtesy LTSN Bioscience. A darkfield
micrograph of a transverse section of a stem of Hippuris spp., showing aerenchyma.
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Knoester, M., van Loon, L.C., van den Heuvel, J., Hennig, J., Bol, J.F., and Linthorst, H.J.M. (1998). Ethylene-insensitive tobacco lacks nonhost resistance against soil-borne
fungi. Proc. Natl. Acad. Sci. USA 95: 1933-1937, copyright National Academy of Sciences USA.; Tsuchisaka, A., Yu, G., Jin, H., Alonso, J.M., Ecker, J.R., Zhang, X., Gao, S.,
and Theologis, A. (2009). A combinatorial interplay among the 1-aminocyclopropane-1-carboxylate isoforms regulates ethylene biosynthesis in Arabidopsis thaliana. Genetics

183: 979-1003.
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Reprinted from Chae, H.S., and Kieber, J.J. (2005). Eto Brute? Role of ACS turnover in regulating ethylene biosynthesis. Trends Plant Sci.10: 291-296 with permission
from Elsevier.; Photos courtesy of Alan Jones (University of North Carolina) and Kurt Stepnitz (Michigan State University).
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ACC synthase (ACS) (aminocyclopropane-carboxylic acid)
ACC oxidase (ACO)

Reprinted from Chae, H.S., and Kieber, J.J. (2005). Eto Brute? Role of ACS turnover in regulating ethylene
biosynthesis. Trends Plant Sci.10: 291-296 with permission from Elsevier.
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