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Arabidopsis thaliana

About Arabidopsis thaliana 

[Taken from the TAIR website (http://www.arabidopsis.org/info/aboutarabidopsis.jsp#hist) with minor modifications as of March 03, 2004]
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Arabidopsis thaliana
- is a small flowering plant that is widely used as a model organism in plant 

   biology.
- is a member of the mustard (Brassicaceae) family, which includes cultivated 

  species such as cabbage and radish. 

- is not of major agronomic significance, but it offers important advantages for 

   basic research in genetics and molecular biology.

- has a small genome (114.5 Mb/125 Mb total) that has been sequenced 

completely in 2000 by the Arabidopsis Genome Initiative (AGI), an    

international collaboration to sequence the genome of the model plant 

  Arabidopsis thaliana.

- has 5 chromosomes with extensive genetic and physical maps.

- has a rapid life cycle (about 6-8 weeks from germination to mature seeds). 

- produces a lot of seeds.

- can be grown in a restricted space.

- can be transformed efficiently using Agrobacterium tumefaciens.

- has a large collection of mutant lines generated by x-ray irradiation, chemical 

  mutagenesis, and insertional mutagenesis with T-DNA and transposons. To 

  identify functions of genes involved in any of many aspects of plant 

  development, researchers use either Forward and/or Reverse genetics    

  approaches to screen the large collection of mutant lines. 

	Forward genetics
	Reverse genetics

	- Starts with a mutant phenotype. But, do 

   NOT know a gene associated with the 

   mutant.

- Identify a portion of a gene associated 

   with the above phenotype using 

   molecular biology methods.

- If an entire genome sequence of an 

   organism is known, the identity of the 

   above gene can be determined using a 

   bioinformatics tool such as blastN (for 

   nucleotide homology) search.

- If an entire genome sequence of an 

   organism is unknown, the identity of the

   gene may be determined if the DNA 

   portion is part of the open reading frame 

   and its translated amino acid sequence is

   homologous to a known protein in 

   databases. If the DNA portion is an intron

   or untranslated region, the remaining 

   portions of the gene need to be obtained 

   using "map-based" cloning.

- The process may be slow and laborious. 

   However, it is effective and guaranteed to

   provide the result.
	- Starts with a known gene sequence.

- Identify a mutant line associated with the 

   known gene using molecular biology 

   methods on insertional mutagenesis lines.

   Then, assign a function to the gene.

- The process is relatively fast and 

   laborious. However, it is risky because a

   mutant phenotype may not be found due 

   to gene redundancy.


Such advantages have made Arabidopsis a model organism for studies of the cellular and molecular biology of flowering plants. 

History of Arabidopsis thaliana 

"Arabidopsis thaliana was discovered by Johannes Thal (hence, thaliana) in the Harz mountains in the sixteenth century, though he called it Pilosella siliquosa (and it has gone through a number of name changes since). The earliest report of a mutant (that I know of) was in 1873 (by A. Braun). F. Laibach first summarized the potential of Arabidopsis thaliana as a model organism for genetics in 1943 - he did some work on it much earlier though, publishing its correct chromosome number in 1907. The first collection of induced mutants was made by Laibach's student E. Reinholz. Her thesis was submitted in 1945, the work published in 1947. Langridge played an important role in establishing the properties and utility of the organism for laboratory studies in the 1950s, as did Rédei and others (such as J.H. van der Veen in the Netherlands, J. Veleminsky in Czechoslovakia and G. Röbbelen in Germany) in the 1960s. One of Rédei's many important contributions was to write scholarly reviews on Arabidopsis, a particularly thorough one is in Bibliographica Genetica vol 20, No. 2, 1970, pp. 1- 151. He wrote a more easily found one in Ann. Rev. Genet. (1975) vol9,111-127. Both go through some of the early history of the use of Arabidopsis in the laboratory, though the longer 1970 one has all the details." --from Elliot Meyerowitz, 1998 

Common names for Arabidopsis 

According to Redei, GP. (1992) A heuristic glance at the past of Arabidopsis genetics. In Methods in Arabidopsis Research, eds C. Koncz, NH Chua, J Schell, World Scientific,Singapore pp1-15.

English: Wall cress; mouse-ear cress 

German: Schmalwand, Gäsekraut, Thal's Gäsekresse 

French: arabette rameuse, arabette des dames 

Spanish: arabide 

Dutch: zandraket 

Danish: gåsemad 

Norwegian: vårskrinneblom 

Hungarian: lúdfü 

Polish: rzodkiewnik 

Japanese: shiro-inu-nazuna 

Arabidopsis Ecotypes and Geographic Distribution of Arabidopsis
Over 750 natural accessions of Arabidopsis thaliana have been collected from around the world and are available from the two major seed stock centers, ABRC and NASC. These accessions are quite variable in terms of form and development (e.g. leaf shape,hairiness) and physiology (e.g. flowering time, disease resistance). Researchers around the world are using these differences in natural accessions to uncover the complex genetic interactions such as those underlying plant responses to environment and evolution of morphological traits. While many collections of natural accessions may not meet a strict definition of an ecotype, they are commonly referred to as ecotypes in the scientific literature.

1. Gif image of world wide distribution (1993, from Jonathan Clarke). 
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© Jonathan Clarke

This figure was produced by Jonathan Clarke for his Ph.D. (1993) thesis with Caroline Dean at Norwich, U.K. This map was based on, i.e., re-drawn, from an original by George Redei (1969). 

2. Distribution map of Arabidopsis in the USA from the USDA's Plants Database 
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Green/Gray: Arabidopsis plants are found

White: Arabidopsis plants are NOT found

3. Information about the origins of frequently used ecotypes (Landsberg erecta (Ler), Columbia (Col), and Wassilewskija (Ws) from NASC (see below). 

Background Lines
The commonly used background lines Landsberg, Columbia, and Wassilewskija can be ordered from the Stock Centre. An explanation is given below detailing the different accessions of each ecotype followed by a table allowing you to order them.

Note regarding single seed and bulk varieties of certain lines
Several lines are available as either single seed descent or bulk lines (as for the AIS ecotypes). The difference is in the way they were sown and bulked when originally received by the Stock Centre. 

The bulk lines are generated by sowing a large number of the original seeds donated and collecting the 'mixed' population in order to maintain variation. 

We also harvest one 'founder' plant individually, plant some of this seed and let it self to generate enough seed for distribution purposes. This single seed line represents a genetically uniform line that is representative of one genotype from the original collected population. 

Many of these single seed lines were isolated and bulked seperately by both stock centres. Therefore there is a single seed descent - NASC, and single seed descent - ABRC. For this reason single seed descent lines have different stock numbers at the two stock centres.

Landsberg
George Redei originally received a stock of seed from Laibach with the name Landsberg, on which he performed some X-ray mutagenesis experiments. During these experiments it became clear that the original Landsberg sample was not homogeneous but a mixture of slightly different types. 

The Landsberg erecta line was selected from the population of Landsberg seed that had been irradiated. It was called Landsberg erecta by Will Feenstra and was the background line for all the mutants that have subsequently been produced by Feenstra, Van der Veen and Koornneef at Wageningen University. Therefore the true breeding line Landsberg erecta is not the same as the Landsberg ecotype in the AIS Collection (N1298). For this reason the Landsberg erecta line should be considered a separate background Ler-0 (NW20) instead of La-0. La-0 refering to the AIS Landsberg (N1298). 

Columbia
Columbia is the ecotype that is being sequenced in the Arabidopsis Genome Initiative. There are several Columbia accessions, 0 through 7, all genetically very similar. In many cases, when we have not been able to unambiguously allocate a parental accession to the progenitor for a population, we allocate a new stock name in the form Col-n. 

The original Columbia ecotype was selected by Redei from the nonirradiated Laibach Landsberg population (isolate 5-13) as it was a particularly fertile and vigorous plant that responded well to changes in photoperiod. This is Col-1 (N3176). Col-0 (N1092) is a direct descendant of Col-1 donated via AIS. Col-0 single-seed (N1093) is a direct descendant of Col-0 propagated through a single seed descent at NASC. Col-0 single-seed (N6673) is a direct descendant of Col-0 but propagated through a single seed descent at ABRC. Details of Col-2 to Col-7 are discussed in the table below. 

C24(N906)
C24 (N906); has also been referred to in the literature as Columbia. This is however clearly an independent ecotype based on a variety of data. Phenotypic evidence can be seen in an analysis of flowering time alleles in C24 vs Col vs Ler. SNPs (single nucleotide polymorphisms) have also been recorded between various ecotypes including C24 vs Col-0. Please see: Establishment of a high-efficiency SNP-based framework marker set for Arabidopsis - O. Törjék, D. Berger, R. C. Meyer, C. Müssig, K. J. Schmid, T. Rosleff Sörensen, B. Weisshaar, T. Mitchell-Olds, T. Altmann. The Plant Journal 2003 36:1 p. 122. 

Wassilewskija
The Du Pont RI Lines were derived from the F2 plants of the cross between Wassilewskija (N2223) and W100F (N2224). 

Feldmann 
All of the Feldmann transformed T-DNA lines are in the Wassilewskija background. Note that the Ws accession utilised for these experiments was maintained for a number of generations in U.S. laboratories, and a stock of this line has been made available through the stock centres Ws-2 (N1601 - NASC, CS2360 - ABRC). 

Arabidopsis Growth Stages and Timeline 

[Time table of growth stages for Arabidopsis ecotype Columbia-0 was determined by Boyes, et al. (see Table 1 and Figure 1 below)]

The data for the table below were taken from Tables 1 and 2 of Growth-stage Based Phenotypic Analysis of Arabidopsis: A Model for High Throughout Functional Genomics in Plants. Boyes, et. al. (2001) [Plant Cell 1499-1510].

The following stages and timeline are for plants grown under the following conditions:

Columbia ecotype plants were grown in soil at in 16-hour days/ 8-hour nights with temperatures of 22˚C during the day and 20˚C at night. Lighting was provided with fluorescent bulbs giving an average light intensity of 175 micromoles/meter 2 second. Seeds were cold treated (stratification) for 3 days at 4˚C after imbibition to synchronize germination. 

Note:Days until each stage are approximate and will vary according to your own growth conditions and genetic background. Approximate dates given include three days of stratification.

Table 1: Time Table of Growth Stages for Arabidopsis ecotype Columbia-0

	Stage #
	Approx. Number of days *
	Description

	0.00
	 
	Seed germination

	0.10
	3.0 (on plates)
	Seed imbibition

	0.50
	4.3 (on plates)
	Radicle emerges from seed coat

	0.70
	5.5 (on plates)
	Hypocotyl and cotyledon emerge from seed coat

	1.00
	 
	Rosette growth

	1.00
	6.0 (on plates)
	Cotyledons fully open

	1.02
	10.3 (on plates) 12.5
	2 rosette leaves are greater than 1 mm in length

	1.03
	14.4 (on plates) 15.9
	3 rosette leaves are greater than 1 mm in length

	1.04
	16.5
	4 rosette leaves are greater than 1mm in length

	1.05
	17.7
	5 rosette leaves are greater than 1mm

	1.06
	18.4
	6 rosette leaves are greater than 1mm

	1.07
	19.4
	7 rosette leaves are greater than 1mm

	1.08
	20
	8 rosette leaves are greater than 1mm

	1.09
	21.1
	9 rosette leaves are greater than 1mm

	1.10
	21.6
	10 rosette leaves are greater than 1mm

	1.11
	22.2
	11 rosette leaves are greater than 1mm

	1.12
	23.3
	12 rosette leaves are greater than 1mm

	1.13
	24.8
	13 rosette leaves are greater than 1mm

	1.14
	25.5
	14 rosette leaves are greater than 1mm

	3.00
	 
	Rosette Growth

	3.20
	18.9
	Rosette is 20% of final size

	3.50
	24
	Rosette is 50% final size

	3.70
	27.4
	Rosette is 70% final size

	3.90
	29.3
	Rosette growth is complete

	5.00
	 
	Inflorescence emergence

	5.10
	26
	First flower buds are visible in the rosette, plant has not yet bolted

	6.00
	 
	Flower production

	6.00
	31.8
	First flower is open, petals are at 90 degree angle to the pistil

	6.10
	35.9
	10% flowers to be produced are open

	6.30
	40.1
	30% flowers to be produced are open

	6.50
	43.5
	50 % flowers to be produced are open

	6.90
	49.4
	Flowering complete, flowers are no longer produced.

	8.00
	 
	Silique or fruit ripening. Seed pods become brown and then shatter.

	8.00
	48
	First silique or seed pod shatters.

	9.00
	 
	Whole Plant Senescence begins. Plant starts to lose, pigment becoming brownish. 

	9.70
	 
	Senescense complete
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Figure 1: Arabidopsis Growth Stages.

(A) Stage 0.1, imbibition.

(B) Stage 0.5, radicle emergence.

(C) Stage 0.7, hypocotyl and cotyledons emerged from seed coat.

(D) Stage 1.0, cotyledons opened fully.

(E) Stage 1.02, two rosette leaves >1 mm in length.

(F) Stage 1.04, four rosette leaves >1 mm in length.

(G) Stage 1.10, ten rosette leaves >1 mm in length.

(H) Stage 5.10, first flower buds visible (indicated by arrow in inset).

(I) Stage 6.00, first flower open.

(J) Stage 6.50, midflowering.

(K) Stage 6.90, flowering complete

(L) Stage 9.70, senescent and ready for seed harvest.
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