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Detection of chromosomes tagged with green fluorescent protein
in live Arabidopsis thaliana plants
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Abstract

Background: Structural and dynamic studies of chromosomes tagged with green fluorescent
protein (GFP) in yeast and cultured animal cells have revealed some surprises. Although this
technology can be very powerful, only a few studies using this approach with developed
multicellular systems have been reported for the study of chromatin behavior in situ.

Results: We established vectors and conditions to visualize tagged loci stably inserted in the
Arabidopsis genome via GFP fused to a bacterial DNA-binding protein. Using this system, three-
dimensional coordinates for tagged loci within nuclei from cells of a live plant can be directly
determined with concomitant visualization of the position of the nucleolus. Chromosome
polyploidization in epidermal cells at the elongation zone of the root in transgenic plants can be
visualized in situ using this technique.

Conclusion: We have established that GFP fusion with DNA-binding proteins can be used in
conjunction with concatameric binding-site arrays to track genomic loci in living Arabidopsis plants. It
should now be feasible to study the mechanisms of organization and dynamics of chromatin in specific
cell types during various times of plant development, taking advantage of the well developed genetic
systems and resources available for Arabidopsis.
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Results and discussion
Vector construction and molecular characterization
of transgenic Arabidopsis
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Figure 1
Stability of lac operator arrays in Agrobacterium tumefaciens strain GV3101/MP90. (a) Schematic map of the construct,
restriction sites and probe sites. RB, right border; p35S, cauliflower mosaic virus 35S promoter, LacOs, 256mer of lac
operator arrays; GVG, glucocorticoid-binding domain-VP16 acidic activation domain-Gal4 DNA-binding domain; TE9, pea
rbcs-E9 terminator; pNOS, nopaline synthase gene (NOS) promoter; HPT, hygromycin phosphotransferase; TNOS, NOS
terminator; 6xUAS, 6xGal4 UAS; TATA, TATA box; T3A, pea rbcs-3A terminator; LB, left border. (b) Three independent
Agrobacterium colonies transformed with the binary vector, pEL702 (25 kb) which contains LacOs were cultured for 2 days in
liquid culture. The vectors were extracted and subjected to Southern blot analysis after PstI digestion, which releases the
LacOs from the vector. The blotted membrane was hybridized with random primer-labeled 40x lac operator arrays (thick
dashed line in (a)). Kb, kilobase pairs; M, 1 kb size marker.
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Dexamethasone-inducible expression of GFP fusion
protein
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Figure 2
Southern blot analysis of EL702 transgenic Arabidopsis.
Transformed Arabidopsis lines were characterized by
Southern blot analysis and two independent lines identified.
Line EL702C contains three copies of the inserts with near
full-length LacOs (10.1 kb, approximately 250mer)
incorporated into the genome. Line EL702E contains a
single copy of LacOs with about half the number of binding
sites (approximately 4.5 kb, approximately 120mer)
incorporated into the genome. (a,b) Genomic DNA (20 �g)
was digested with restriction enzymes and blotted onto
nitrocellulose membranes after electrophoresis in a 0.7%
agarose gel. The membranes were hybridized with (a) the lac
operator and (b) the LacI/NLS probes described in Figure 1a.
M, 1 kb size marker. B, BglII; P, PstI; H, HindIII.
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In situ detection of the tagged loci in transgenic plants
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Figure 3
Kinetic study of the induced expression of mGFP5-LacI/NLS fusion proteins. Homozygous lines of EL700S (containing no
LacOs), EL702C (containing three copies of LacOs) and EL702E (containing a single copy of about half-size LacOs) were tested.
Seedlings germinated on 0.5x MS agar plates for 10 days were transferred to Petri dishes containing 30 �M dexamethasone
(Dex) in 10 ml water. Three seedlings from each line were analyzed at 0, 6, 12, 24, 48, 72 and 96 h. The figure shows a
composite of three independent blots with anti-GFP antibodies. Time of induction after Dex addition is shown on top of the
figure in hours (h). M, protein size markers.
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Figure 4
Kinetic study of mGFP5-LacI/NLS fluorescence in Dex-induced seedlings. Root epidermal cells of induced Arabidopsis seedlings
were examined. Three seedlings from each homozygous line (EL700S, EL702C and EL702E) and three nuclei from each
specimen were observed with fluorescence microscopy at 0, 6, 12, 24, 48, 72 and 96 h after Dex induction. One out of three
sets of results is shown. (A) Fluorescence microscopic observation of epidermal cells. Scale bar = 100 �m. (B) Three-
dimensional fluorescence microscopic observation of nuclei in A. Scale bar = 10 �m. 
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Inhibition of chimeric GFP-LacI/NLS protein binding
in situ to LacOs by IPTG
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Detection and relational mapping of tagged loci
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Figure 5
IPTG inhibition of mGFP5-LacI/NLS binding in nucleus.
Homozygous plants of line EL702C were tested. Seedlings
germinated on 0.5x MS agar plates for 10 days were
transplanted onto 0.5x MS agar plates with and without
0.3 �M Dex. (a) Typical three-dimensional fluorescence
images of nuclei from each treatment. (b) Graph of the
observed number of spots and their percentages among
total observed nuclei. (c) Levels of protein accumulation
measured by western blot analysis using anti-GFP antibodies.
M, protein size markers. Scale bar = 5 �m.
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Comparison of tagged loci between guard cells and
root epidermal cells
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Figure 6
Measurement of the configuration of tagged loci in homozygous plants from line EL702C. (a) A stacked image from a guard
cell nucleus that contains three GFP spots was created. Scale bar = 5 �m. (b) Outline of nucleus (green wire-frame), position
of the nucleolus (blue solid) and GFP fluorescence spots (red solids) were extracted from the stacked images, and a three-
dimensional model was created. (c) The three-dimensional model was used to rotate the image by 90° in the y-axis, and the
distance between the three GFP spots (a, b and c) was measured. Distance dab = 0.88 �m, dbc= 1.13 �m, dac = 1.58 �m.
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Agrobacterium binary vector preparation and
Southern blot analysis
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Transformation of Arabidopsis thaliana and Southern
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Figure 7
Detection of tagged loci in different cell types. Homozygous
seedlings with a single tagged locus from the transgenic line
EL702E were analyzed by DeltaVision restoration
microscopy as described in the Materials and methods
section and stacked images of nuclei were created from
different cell types after induction with Dex. Representative
images from (a) a guard cell nucleus and (b) an elongated
epidermal cell from the seedlings are shown. Scale
bar = 5 �m.

(b) Root epidermal cell

(a) Cotyledon stomatal cell



Growth of Arabidopsis thaliana
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