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AuXin - history and pioneering experiments

4-day-old ) Darwin (1880) _
oatseedling | Light &
Coleoptile -
Seed
Intact seedling  Tip of coleoptile Opaque cap
(curvature) excised on tip
(no curvature)  (no curvature)

Went (1920s-30s) Total darkness

-

IAA

e auxein (greek) = to grow

Tip of coleoptile Replaced with agar Restored
excised block containing curvature

e first phytohormone to be identified

“When seedlings are freely
exposed to a lateral light some
influence is transmitted from
the upper part of the coleoptile
that acts on the lower part of
the coleoptile”

“The Power of Movement in
Plants” (1880) by Darwin and
Darwin.
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Arabidopsis thaliana

Small size (30 cm)

Rapid life cycle (6 weeks)

Prolific seed production (5000 seeds/plant)
Sequenced genome (125 Mb; —26,000 genes)

Easily transformable

A power multicellular eukaryotic model system
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Auxin-resistant mutants of Arabidopsis thaliana
with an altered morphology

Mark A. Estelle™ and Chris Somerville
MSU-DOE Plant Research Laboratory, Michigan State University, East Lansing, MI 48824, UUSA
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Growth and Development of the axr1 Mutants of
Arabidopsis

Cynthia Linceoln, James H. Britton, and Mark Estelle’
Department of Biology, Indiana University, Bloomington, Indiana 47405

axrl x WT
Table 1. Raecovery of axri Mutants.‘ - .
M2 population Mutagen Salaqmn I'u'lu_ta_mts recoverad * X * * *
AP EMS 240 axrl-1
axri-2 (TR -
axry-3 | . .
g Table 2. Genetic Sgg_rEgatlnn of 2 4-D Resistance in axr7 Lines
:;;:g MNumber of Plants
B EMS 24D awri-fF - .
axr1-g Cross Resistant  Sensitive "
aur?-g
axri-11 axr1-189 x wild-type F1 0 23
e F2 186 493 2.07
c EMS 24D  axrl-16 gxarT1-21 » wild-type F1 a 51
axri-17 F2 a2 281 1127
axr’-18
axr1-19 axri-22 x wid-type F1 0 22
axri-20 F2 58 218 2 83°
axrT-21 .
s EMS IAA axr1-22 axr1-23 = wild-type F1 0 33
oF o 2,4-D aur?-23 F2 117 383 0.683"
* A total of 470,000 seeds from four distingt M2 populations was . - o
sereened for mutants thal were able to elongate roots on either *x 7 WES Calculated Dased un an expesied ratu of e sensilive
5 ph 2.4-0 or 50 M 184, o ome resisiant.

" Estelle and Somervills [1987). o
® This study. P > 0.05.




Mutationen allelisch oder in verschiedenen Genen?

(A) Trans heterozygote for two (B) Trans heterozygote for two
mutations in the same gene mutations in different genes
Boundaries of gene Boundaries of gene 1 Boundaries of gene 2
7N A _—"in gene I Al
xZ2 ’?l\:‘ ) xI+ ) x2 ,;,.l\\ )
Mutant gene Mutant gene Mutant gene Normal gene Normal gene Mutant gene
product product product product product product
(nonfunctional) (nonfunctional) (nonfunctional) (functional) (functional) (nonfunctional)
b 4 . S
A A
Result: No complementation. Result: Complementation.
No functional gene product. Functional product from both genes,
therefore mutant phenotype. therefore wildtype phenotype.

“

axrl WT



in verschiedenen Genen? axrl
o |

WT
1f Anivin
Ul 7 VUL * *
axr1l-12/axr1-12 axrl-3/axr1-3

X

Mutationen allelisch ode

= Knmnlementatinnctec
y 4 I\Ulllr.ll\.—lll\.-ll\.ut-l\.llIJL\.—J

e+ =

Table 3. Complementation Analysis of axr? Lines
Number of Plants

Cross Resistant Sensitive
axri-12 x axri-3 33 0
axr1-19 x axr1-3 21 0
axri-20 = axri-3 i3 0
axr1-22 x axr1-3 24 0
axr1-23 x axr1-3 39 0

F1 * oder

axr/AXR axrfaxr

‘ — Mutationen sind verschiedene Allele imselben Gen! ‘




Morphologie:

WT ‘ axrl-12 axrl-3

axrl-12 axrl-3

;

,-’;\..
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Figure 1. Phenotype of Wikd-Type and Mutant Rosettes

Rosettes were photographed when the plants were 3 weeks old
(&) Wild type

(b) axr1-12/axr1-12.

(c) axr?-3faxri-3

Bar =1 cm
Figure 2. Comparnson of Mature Wikd-Type and Mutant Plants
. . . Wild-type and mutant plants were photographed when 7 weeks
- Allele zeigen unterschiedliche ol

(&) Wild type
(b) axr?-12/axr-12

Auspragung morphologischer Defekte | &= 2

Bar = 3 cm.




Quantifizierung morphologischer Unterschiede:

Table 4. Morphology of Wild-Type and Mutant Plants

Wild Type

axrf-3

axrl-12
Haight {cm) 509+ 1.0 J8.4 = 1.3 19.2+18
Mo, of inflorescencas 575+ 025 B.25 = 1.4 BE+16
Mo, of lateral branches 462 £ 4.5 987+ 2.4 1240 + 24 4
Distance betwesan siliques (cm) 0.65 + 0.04 0.30 = 0.01 0.32 + 0.02
Mo, of siligues BY375 + 6RO h26.5 + 56.0 24+13
No. of pollen grains/fliower 2035.0 = 500.0 27000+ 3370 GB0.0 = 320
Hypototyl length in etiolated seediings (cm) 1.40 + 0.04 1.20 + 0.05 0.77 =003




SEM > morphologische Defekte durch unterschiedliche
Zellgrollen oder Gewebeorganisation?

- keine wesentlichen strukturellen Defekte
—> vaskuldre Strukturen etwas weniger differenziert
—> ZellgroRRen in etwa gleich



Auxin Response in der Wurzel:

1. Gravitropismus

90° —>Graviresponse in den Mutanten

n langsamer

- nicht durch reduziertes Wurzel-

wachstum!
g WT i T _;—I"-'-FE___—; ———f i
: T~ - Vi
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Auxin Response in der Wurzel:

2. Wurzelelongation auf Auxin

@ —klassischer Auxin Response Defekt
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Quantifizierung des Wurzelassays:

Table 5. Effect of 2,4-D on Rozette Growth of Wild-Type and Mutant Plants

0 ph 2.4-D 10 uM 2,4-0 100 oM 24D

Exp 1 Exp 2 Exp1 Exp 2 Exp 1 Exp 2

Wild type M5+29 EFA+28 B0 £2.5 445+ 21 196 = 0.74 214+=1.0
(23%%) (34%) (B7%) (BEY%)

gxri-3 452 £ 31 547+ 3.0 803 +28 68T +27 263 =15 2e5+15
(42%0) (52%)

axrt-12 486 = 2.5 Ehbhx29 471 =23 473+ 31 338 +20 380=+18
(5%} (15%) (32%) (32%:)

Values are fresh weight in milligrams = sg, Percentages in parenthases are percent inhibiticn of growth.

—




Genetische Kartierung von AXR1:

RFLP — Restriktionsfragment-Langenpolymorphismus
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m + 0
< 488 | 1123 )
APh.Ara.1F 152 = 02
T | na >
219 T 265
235 + 364
215
g-}? g‘.‘:f = 1.54
ARE (I
8
254 — ggg 824 >00
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Table 6. Linkage Analysis between the AXR1 Gens and RFLP

Markars on Chromosome 1
Recombination Number y*
Markers Frequency (%) Scored”  Associated” P
RFLF 2198 124+ 2.0 136 123.3 =i0.05%
] R =1y 75 - B3 5.6 023
a9 174.0 =005
102 135.0 =005

" Aefers to number of F3 familkes scored.

" x* associated s the total v adjusted for deviations of each
individual marker from BMendelian segregation.
* P value = 0.05 indicates deviation from nonlinkage {l.e., linkage).

447 < 0

217 + 41

224 & 11
ACHS2 + 148

291 + 278

247 o 57.7

422 | &

a3 =°
SAI2105 + M2

225 + 14

2323 + gg = 1.59

435 L 9a7

233 + w007

104.3

5;‘; 1053 — 005

555 = 1182

211 ? 121.3>a'"
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Arabidopsis auxin-resistance
gene AXR1 encodes a protein

related to ubiquitin-activating
enzyme E1

H. M. Ottoline Leyser, Cynthia A. Lincoln*,

Candace Timpte, Douglas Lammer,
Jocelyn Turner & Mark Estellef

Department of Blology, Indiana University, Bloomington,
Indiana 47405, USA




AXR1 - Chromosome Walking
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Ple]o Y87 | 2 Cosmid pOCA18-H enthdlt das AXR1 Gen

A

cDNA Bibliothek Screen mit pOCA18-H

\

2 cDNA:s identifiziert 2 0.8 und 1.8 kb
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1.8 kb cDNA abwesend in axr1-23!
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Glycin = STOP



: 540 AS, ca. 60 kD

AXR1 Protein
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1501700

1501700

1501500

1501200

1501100

ls00900
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1500500
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1323300

1439700

1439500

1333200

1323100

1435900

14F&E700

1aFs500

1aF&Ez0n

1aFE100

1437900

Tttt aattacasatttbcttattt b cbtatatctaaaaaat cg adagatattaatatctgrattcttaatttggragatraactittttaaaaaac
Jaaaatttcctataagaatraataatag-ogg tocatggt-gattattottatbbgottatat ot ohb ottt cacaattt
tEttttaaaaasaatratttacaaaattttct: daaatcagtaagatattaatatcgattttbttaatttggtagataactttts
ttcaaacgatasatrtit-cctaaaaacaataaaatrartcggaaatraaacaaaaaccctgabtgaagaaaag-ctttbbghttatcagttcaccggaggcaaa
aatcgtctctcgcttgagctgcgaaﬂﬁiﬁt&&ﬁt&ET&A&&AG&TEE&GG&E&CATGTTGA&G&&G&EECA&CA&TGGT&G&&EETA&EAEEA&GTAEGA
TCETCAFITCAFghatacatack ottt cochtaaactckacttocgaackack ok ghcgygagyaaaatrtgatgaaghagtaat o get gyttt gact ga
teaqFATTT GrFEFFAFET AFET CAAGC FFCCTT FraaEAAEC FAGT AT CTFTTT ACTCAATT T CCTACT FFTTCCFAGECTTT FAAFAAT CT C T
ACTTEET T GTTFET AFCAT CACCETT GTT FAT FFATCT AAFGTTCAATTT FET FACCTT FEEAACAATTT CAT Frghact gact aattttgaaackttst
thgattg gt oo gggggbtttgggggacttgortgogrtat gatgarbtbtbretbtcat g qaagl CFAT GUFAAFAGFT GTT FECC AAT CAAAA
FCCaaaT CTETTTCT COETTTCTCCAACARCTT ART GATTCT CT T AACGCCARGTTT ATT CAGCAGRAAT CCA-ACACGTT FATT ACT ACT BACCCATCTT
TCTTCTCTCAGTTCACTCTCGTTAT AFCCACTCAFgEaccattghtbthchabbbghaat okt chctaatgatbbghgh gt acaatttbtcaaaght ok
aatcttbgottacacagtcactcaccatrgyarcatgatacckhtctabtcaat gt ctbraghtagbtt ot catat gractbbtocctogbccb ot cacgg
gatattgotttattaggottocrbbttoctghghtatt gt atttaagrtoghtattbcatccocockbtbogacart gatt gt goaglT 6T FFAAFATT
CAATGFTT FAAACTT FAT AFAAT CT FTCFAFAT FLAAACGTT AAGTT T TTT T TCGCT CTTAT GG CCTT T ¢TI T GTTCFCAT CTCT AT A& AR
aattaataccacckhgbctagacccaatttgogartaaaghttagattacktttghggratgoccgbggrraggarattgyccaatgagaaratat goctaagct
chcoctbochbbhocbbbbbtatcagFAFCAC CCC AT AATT FACT CAAAACCT GAT CATTTTCTT FACFACCT CCGCCT FAAT AAT CCAT FECCT FAACT CAAR
Abghccactgokoctocatratcctokhcackhtatghtgbhtctggocatcoctbbaacatratgohbgrggatggacgact gagtacktrackgatatt ot aatt
atttaatgaacggcagTTTT T FEAFACCATT AT CT FAAT GT AT CAGAGCCFFCCFCT GCAC AT AAFC ACAT ACCTTACGT CET CATT CTT T A& AFAT
CECTFAFFAGT FEECTCAAT CCCAT AGT T AAT CTT COCT CAACCAGGEAAFAFALALAAFAGTTIT AAFgretaghb ottt graacttaraaaatt
tattagogagottgotttotbghtttaattatcratarccttgaatt ottt agq-2TTT FETT AACTCCAAFAT CET AT CT ACFFAT FAAFAT 20T AC AL
FARAGCCATT FAAGCCFCTTTC AAAGTTTTTFCTCCTCFAFFAAT CAgraagragatatchbghtt gy ctaggragaaacktgacttagaat ghttactg
thtccatgobtgagttaataggrgragcgatt gt gatattgyagctraaactaacagaaagct ot gbcacggygrcaaatcacagtatt ot cat gttt gaa
ctaaaccEghbttcbocbbccagFlT CAFAGGTT C AALBATT 2ATT AT GAT AGTT T LT FAAGT GAATTCARACT CCT CAFCTTTTT GEET GAT 55T &iF
CEFCTCT FAAFgEEE gaaactktgaadacckhgotchgocagaactcataartthatghbcatttagyaagtrgcaaacktgocaack catttt gart gaaatcak
datcgtacatraaccacctgoagFAFTTT GTTTT ARAT FAAGFET GET GRAFAGFCACCCCTT FAAFCTTCT AT ACCAGAT AT FACCTCTT CAACAFAqtta
ghgoackttgochbchabggocactgaaattcaccochcaghctatttttcacatbggbbatghagotghatgoettchcbbb goagal ACT AT AT CAATTT =0
AEAAAAT CT ATTT AFCCAaAFCCEAEECT ATTTTCTTCT CATT FAFGAAC FAGTT 288880 ATTTT ALAFALAAT CEETCEAFAT COGAGC AFC AT CCC
BAALACCAACARAT CAAGAGCTT CT GCAAFAAT FLAAGFALACTT LAt gaghatactadacttcoctaacatgbbtaattE ettt ctaatghcaac gttt
tacckatbgobtghttacktbbtctbcggagoabtabcagaaacatakgattb gagtaaagrataaaccakaabcoghccbkbb g agTT T ECAGAT ATE
GTATGET AFAGFALFAGTTCAGAAAT CCTTOTFT 2A0 T FAAATT CAAAAGT ATTT AFCFFACFAGGATT ACAFgEgogaattttccocbbbbcatatgagt:
dcadaaacatcagatgatttgaaagatgaccttbctacaaaatghtcactocbbbegbcEghctcatacatgocataagatgot g gattgaatattgoag

Jagcattttttcaaaactgoataatttactgrataagchrattcattbagbtgacckhgagctraaccaaacttbttagrtcatctraggctttacacagcaga
daaadatagattcoctggatttagrtcaaaatttttocraggettgoatgethtagotoctratackttaaarattrgrrackt grcgoagl FET FLAAT FEEATTTT &
TATTCTTCTT AFAGCT G GEACAGATTT LT FCC AACT AT AACAAGTTTCCT FEFCAGTTT AT Frgraagadattcattatgycactaagottaat ottt
tattthhgaacaatgggtccktghttggoctrattaacargoaatracacttt g agirFaAT AT FAFFACATTT CTCFATT A48A58A0 T ACT GCCTT CAl-
TCTTCTTACCFACTT GEECT GT AACFFCTCAGT ACTCCCAGAT FACCTTAT CC AT FAGAT GTETCGCTTT T FCCTCAFAGATT CAT GTFETTTCT>CC
TTTETT F-AFFAATCGCAT CT CAAFAAGT CATC AAFghtcgatt catarbtchbEchcatt ettt caaattcaghtagh chktat gygyaagscgotagch
tobggacatgottaadcgaggraatrtgaarargragttghct ottt crarcett gt geagCTTFT CAC ARAFC AGTTT GTT CCFAT GTT - =ACTT &C
ATCTTCAAT FFCATT AT CACAAGT CTCAGTT ATT A2ATT E-Eaagat ckttocttaacacabbggottgadacagagagaaagagockctatcatata
thatt ottt chgattaaaagaraatrctbtbtgotackractgagaaacaaaattttcaatgacagrtrcagoctgagaccatccgacktcagaatcttcgaaaat
chtgotttgobtbghcchEgagyttagaaatatttgaaggttaaat Jaagotaatoctcataaaatgygyoccact ghaagqoccattctacacgygagtcaca

taaaatgygccacagttagctcattckhccatgagtctcaraaasagggacacagraagcccattcbccacatrgattcragrcggcaaaaggtttaatgag
atgatttctgoaaatcaracaaacgacaagaatttgoattacgttaacatcaaagectcaaaagrtactotcaataaaatggggrccaagaataagatcaa
tcaaaatataatattaaaattgtctaaaaagt-taatgggcatcadagaattaataacatcaagaaccacadatccaatttaggyatttggggcaataaag
acaatttgaattgygtggt-gragggtrtattatggcaaatgcatgaataatagagyccattgaagctcgg-gggrttcactbghtactaccatgacattic
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