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Introduction

Plants offer a cost-effective means to produce therapeutically useful monoclonal 

antibodies. However, antibodies produced in plants differ from those produced in 

mammalian cells. Notably, the glycan composition of plant antibodies can affect their 

binding activity. 

“One in ten plant species contains anticancer substances of variable potency, but 

relatively few have been bioassayed.”

Edward O. Wilson (born 1929)
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Target Modifications Tested application Cat. no.

Actin WB ab197345

IHC-P, WB ab230169

atpF WB ab65382

beta Tubulin ICC/IF, IHC-P, IP, WB ab15568

ICC/IF, IHC-P, WB ab231082

CAMKIV IHC-Fr, WB ab3557

CSN5 WB ab195635

EIF2S1 Dot, Flow Cyt, IHC-Fr, IHC-P, WB ab32157

Dot, Flow Cyt, ICC/IF, IHC-Fr, IHC-P, WB ab214434

gamma Tubulin Flow Cyt, ICC/IF ab191114

Glucocorticoid Receptor alpha ICC/IF, IHC-P, WB ab3580*

Histone H3  ChIP, EM, IHC-P, IP, WB ab1791*

acetyl K9 ChIP, ICC/IF, IHC-P, IP, WB ab10812*

acetyl K9 ChIP, ICC/IF, IHC-P, WB ab12179*

acetyl K27 ChIP, ICC/IF, IHC-P, PepArr, WB ab4729*

di methyl K4 ChIP, CHIPseq, Flow Cyt, ICC/IF, IHC-Fr, IHC-P, IP, WB ab173324

di methyl K4 ChIP, Flow Cyt, ICC/IF, IHC-Fr, IHC-P, IP, WB ab32356

di methyl K4, tri methyl K4 ChIP, Flow Cyt, ICC, ICC/IF, WB ab237973

di methyl K4, tri methyl K4 ChIP, Flow Cyt, ICC/IF, WB ab6000*

di methyl K9 ChIP, ELISA, IHC-P, IP, WB ab1220*

di methyl K27 ChIP, ICC/IF, IHC-P, IP, WB ab24684*

tri methyl K4 ChIP, ELISA, Flow Cyt, ICC, ICC/IF, IHC-Fr, PepArr, WB ab1012*

tri methyl K4 ChIP, ELISA, Flow Cyt, ICC, ICC/IF, PepArr, WB ab185637

tri methyl K4 ChIP, ICC/IF, IHC-Fr, IP, PepArr, WB ab8580*

tri methyl K27 ChIP, ELISA, ICC/IF, IHC - Wmt, IHC-P, WB ab6002*

tri methyl K36 ChIP, ICC/IF, IHC-P, WB ab9050*

Histone H4 acetyl K5 ChIP, ELISA, ICC/IF, IHC-P, IP, WB ab51997

Hsp70 Flow Cyt, ICC/IF, IHC-P, IP, WB ab5439

KDEL Receptor IHC-P, WB ab96720

thylakoid membrane proteins WB ab65574

xyloglucan ICC/IF ab190146

*ChIP-grade antibody

Antibody

Target Tested application Cat. no.

Cytochrome f WB ab243204

Sucrose-Phosphate Synthase WB ab243200

Sulfite Reductase WB ab243201
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Anti-Histone H3 antibody - Nuclear Loading Control and ChIP Grade (ab1791)

 Reviews (212) Specific References (3065)
Description: Rabbit polyclonal to Histone H3 - Nuclear Loading Control and ChIP Grade

Reactivity: Mouse, Rat, Chicken, Dog, Human, and more.

e.g. p53, IL6 ELISA, inhibitor, western blot 

Call +44 (0)1223 696000 or contact us

ab1791
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Product name Purity CAS number Cat. no.

1-Triacontanol, Naturally occurring plant-growth regulator = 98% 593-50-0 ab145129

3-Indole-acetic acid sodium salt, plant growth regulator > 98% 6505-45-9 ab146403

3-Indolebutyric acid (Indolebutyric acid), Plant growth auxin > 99% 133-32-4 ab143118

Astilbin, flavonoid found in plants > 98% 29838-67-3 ab143575

Azure B, plant tissue stain 531-55-5 ab146367

Difenoconazole, Plant fungicide > 98% 119446-68-3 ab142287

Indole-3-butyric acid potassium salt, auxin-family plant hormone > 98% 60096-23-3 ab146396

Puerarin, Plant derived isoflavone > 98% 3681-99-0 ab142939

trans-Zeatin, Plant growth hormone > 98% 1637-39-4 ab145640

Biochemicals

3-Indole-acetic acid sodium salt, plant growth regulator 
(ab146403)

References (2)
Purity: > 98%

e.g. p53, IL6 ELISA, inhibitor, western blot 

Call +44 (0)1223 696000 or contact us

ab146403
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Kits

Assay Kit Assay type Sample type Cat. no.

Cellulase Enzyme activity (quantitative) Tissue Lysate ab189817

D-Mannitol Quantitative - Colorimetric Cells/tissues ab155890

DNA demethylase Quantitative Cell culture extracts, Tissue Extracts, Nuclear Extracts ab156908

DNMT Enzyme activity (quantitative) ab113467

Enzyme activity ab113468

Glucose-1-Phosphate Quantitative Tissue, Adherent cells, Suspension cells, Tissue Extracts ab155892

Hexokinase Enzyme activity (quantitative) Cell Lysate, Tissue Lysate ab211103

Histone Demethylase Enzyme activity Tissue Extracts, Cell Lysate ab113455

Histone H3 Quantitative Cell culture extracts, Tissue Extracts, Nuclear Extracts ab156914

Histone H3 modifications Quantitative Tissue, Adherent cells, Suspension cells ab185910

KDM1 / LSD1 Enzyme activity ab113459

Enzyme activity ab113460

KDM6A/KDM6B Enzyme activity Cell culture extracts, Tissue Extracts, Cell Lysate, Nuclear Extracts, 
Purified protein

ab156910

Enzyme activity Nuclear Extracts, Purified protein ab156911

NAD/NADH Quantitative Cell Lysate, Tissue Lysate ab176723

Oxalate Quantitative Urine, Serum, Plasma, Tissue ab196990

Oxalate decarboxylase Enzyme activity Tissue ab196993

SIRT1 Sandwich Nuclear Extracts, Purified protein ab156915

TET1 Enzyme activity Cell culture supernatant, Tissue, Nuclear Extracts, Purified protein ab156912

Enzyme activity Nuclear Extracts, Purified protein ab156913

Highlighted

DNMT Activity Assay Kit (Colorimetric) (ab113467)

 Reviews (2) Specific References (8)
Reactivity: Mouse, Rat, Human, Drosophila melanogaster, and more. e.g. p53, IL6 ELISA, inhibitor, western blot 

Call +44 (0)1223 696000 or contact us

ab113467
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Extraction kit Component Size Cat. no.

ChIP Kit 100X Protease Inhibitor Cocktail, 5X Lysis Buffer I, 8-Well Assay Strips (with Frame) , 8-Well 
Strip Caps, Antibody Buffer, Anti-H3K9me2 (1 mg/mL), Binding Buffer, ChIP Dilution Buffer, 
DNA Release Buffer, Elution Buffer, F-Collection Tube

24 tests/ 
48 tests

ab117137

Chromatin Extraction 1000X Protease Inhibitor Cocktail, 5X Lysis Buffer, Chromatin Buffer, Extraction Buffer A, 
Extraction Buffer B, Extraction Buffer C

50 tests ab156906

Tissue extraction Homogenization Pestles, Homogenization Tubes, Plant Extraction Buffer, Protease Inhibitor 
Cocktail (200X)

50 tests ab206999
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Proteins

Target Species Tag Protein length Application Cat. no.

Autolysin protein Chlamydomonas reinhardtii His tag Full length protein SDS-PAGE ab226279

BAS1 Arabidopsis thaliana His tag Full length protein SDS-PAGE ab241226

FLS1 Arabidopsis thaliana His tag N-Terminus Full length protein SDS-PAGE ab239438

Gliadin protein Wheat Histidine tag C-terminal Protein fragment ELISA, SDS-PAGE, 
Western blot

ab124981

HDT2 Arabidopsis thaliana His tag N-Terminus Full length protein SDS-PAGE ab241230

NADPH-dependent 
oxidoreductase 2-alkenal 
reductase protein 

Arabidopsis thaliana Full length protein SDS-PAGE ab225591

OSM34 Arabidopsis thaliana His tag N-Terminus Full length protein SDS-PAGE ab225564

Osmotin Tobacco His tag N-Terminus Full length protein SDS-PAGE ab224842

Polyadenylate-binding 
protein RBP47A

Arabidopsis thaliana His tag N-Terminus Full length protein SDS-PAGE ab238280

Trypsin/alpha-amylase 
inhibitor CMx1/CMx3 protein 

Wheat N-terminal 10xHis-SUMO-
tagged and C-terminal 
Myc-tagged

Full length protein SDS-PAGE ab238371

Trypsin/alpha-amylase 
inhibitor CMX2 protein

Wheat N-terminal 10xHis-SUMO-
tagged and C-terminal 
Myc-tagged

Full length protein SDS-PAGE ab238385
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Recombinant A. thaliana HDT2 protein (His tag) (ab241230)

Expression system: Yeast
Application: SDS-PAGE
Species: Arabidopsis thaliana
Protein length: Full length protein

e.g. p53, IL6 ELISA, inhibitor, western blot 

Call +44 (0)1223 696000 or contact us

ab241230
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ChIP using plant samples: Arabidopsis
Detailed procedure and tips for ChIP using plant samples. Edited 
from a protocol kindly provided by Werner Aufsatz.

Introduction
Eukaryotic chromatin is a complex of DNA and associated histone proteins that are involved in the 
higher order packaging of DNA into chromosomes. The chromatin state of a given DNA sequence 
influences transcriptional activity and replication timing and is regulated by potentially reversible 
covalent modifications of DNA and histones.

Histone modifications at conserved lysine and arginine residues within the flexible N-terminal 
tails, such as phosphorylation, acetylation and methylation, specify a code that serves as an 
interaction platform with specific domains of chromatin-associated proteins. 

The immunoprecipitation (IP) of cross-linked chromatin with antibodies specific for certain histone 
modifications (chromatin immunoprecipitation, ChIP), followed by PCR to detect a potential 
enrichment or depletion of a DNA sequence of interest within IP fractions, constitutes an elegant 
and direct method to query specific chromatin states of individual genes and is already routinely 
used in many labs.

In contrast to animal cells, however, plant cells have a rigid cell wall which poses limitations to 
the simple utilization of protocols established for animals. In this protocol, the method described is 
used to study histone modifications in the plant model organism Arabidopsis thaliana. This protocol 
is an adapted version of the original procedure published by Lawrence and co-workers 
(Lawrence et al., 2004).

This protocol describes how chromatin is prepared from Arabidopsis, which can subsequently 
be used for chromatin immunoprecipitation (ChIP). The exact chromatin concentration 
should be determined before starting the X-ChIP assay. View our cross-linking chromatin 
immunoprecipitation (X-ChIP) protocol, which should be used after the chromatin preparation 
detailed below.
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Procedure
Arabidopsis seeds are stratified for 48 hr in 0.1% Phytablend w/v at 4°C and then sown onto soil. 1.5 
g of whole, 3-4week-old seedlings, are used per chromatin preparation. It is imperative to avoid 
contamination with soil as much as possible during harvest.

Day 1

Chromatin cross-linking

  1. Harvest 1.5 g seedlings and place them into a 50 ml tube.

  2. Rinse seedlings twice with 40 ml double distilled water. Remove as much water as possible after 
second wash.

  3. Add 37 ml 1% w/v formaldehyde solution. Gently submerge seedlings at the bottom of the tube 
by stuffing the tube with nylon mesh. Screw on cap and poke cap with needle holes. Put in 
exsiccator and draw vacuum for 10 min.

  4. Release vacuum slowly and shake exsiccator slightly to remove air bubbles. Seedlings should  
appear translucent.

  5. Add 2.5 ml 2 M glycine to quench cross-linking. Draw vacuum for 5 min.

  6. Again, release vacuum slowly and shake exsiccator slightly to remove air bubbles.

  7. Remove nylon mesh, decant supernatant and wash seedlings twice with 40 ml of double distilled 
water. After second wash, remove as much water as possible and put seedlings between two 
layers of kitchen paper. Roll up paper layers carefully to remove as much liquid as possible.

At this step, plant material can be snap-frozen in liquid nitrogen and stored at -80°C.

Chromatin preparation

  1. Pre-cool mortar with liquid nitrogen. Add two small spoons of white quartz sand and plant 
material. Grind plant material to a fine powder.

  2. Use cooled spoon to add powder to 30 ml of extraction buffer 1 stored on ice. Vortex to mix 
and keep at 4°C until solution is homogenous.

  3. Rotate for 30 min at 4°C on a turning wheel or equivalent.

  4. Filter extract through into a new, ice-cold 50 ml conical tube. Press to recover extract from 
solid material.

  5. Repeat step 4.

  6. Centrifuge extract at 4000 rpm for 20 min at 4°C.

  7. Gently pour off supernatant and resuspend pellet in 1 ml of extraction buffer 2 by pipetting up 
and down. Transfer solution to Eppendorf tube.

  8. Spin in cooled benchtop centrifuge at 13000 rpm for 10 min.

  9. Remove supernatant and resuspend pellet in 300 μl of extraction buffer 2 by pipetting up  
and down.

10. Add 300 μl of extraction buffer 3 to fresh Eppendorf tube. Use pipette to carefully later solution 
from step 9 onto it.

11. Spin in cooled benchtop centrifuge at 13000 rpm for 10 min. In meantime, prepare 10 ml nuclei 
lysis buffer and 20 ml ChIP dilution buffer. Put buffers in cold room.

12. Remove supernatant and resuspend pellet in 300-500 μl of cold nuclei lysis buffer. Resuspend 
by pipetting up and down and by vortexing. Keep solution cold between vortexing. Incubate 
for 20 min on ice.
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Chromatin preparation (continued)

13. Remove 10 μl to run on an agarose gel.

14. Sonicate for 10 min at 4°C with sonicator: Setting “HIGH”, 10 sec “ON cycle”, 45 sec “OFF 
cycle”. Make sure that the solution does not foam during sonication, e.g., by cooling the tubes 
with a mix of 100% w/v ethanol in ice during the sonication step.

15. Spin in cooled benchtop centrifuge at 13000 rpm for 10 min. Add supernatant to new 
Eppendorf tube.

16. Repeat step 14. Remove 10 μl to run on an agarose gel.

17. Separate aliquots from steps 12 and 15 on 1.5% w/v agarose gel. In the sonicated samples, 
DNA should be shifted and more intense compared to untreated samples and range between 
200-2000 bp, centering around 500 bp. Following step 16, the chromatin samples can be 
“snap-frozen” in liquid nitrogen and stored at -80°C. Repeated freezing/thawing cycles, 
however, should be avoided.

Pre-clearing and immunoprecipitation (IP)

  1. Transfer chromatin to 15 ml Falcon tubes. Dilute 1/10 with fresh, ice-cold ChIP dilution buffer.

  2. Prepare protein A agarose beads pre-adsorbed with sheared salmon sperm DNA by rinsing the 
required amount of beads 3 times with 1 ml ChIP dilution buffer in an Eppendorf tube. Spin in 
cooled benchtop centrifuge for 30 sec at 13000 rpm between the washes to pellet the beads. 
After the last wash, resuspend the beads with ChIP dilution buffer to yield a 25% slurry (for 
pipetting reasons).

  3. Pre-clear each chromatin sample by adding 140 μl of washed beads. Rotate for 1 hr at 4°C.

  4. Spin Falcon tubes in a cooled centrifuge for 3 min at 3000 rpm to pellet the beads and transfer 
the supernatant to a new Falcon tube. Be careful not to carry over beads.

  5. Store at 60 μl aliquot of pooled chromatin at -20°C. This will serve as input control later on.

  6. Add 600 μl of chromatin solution per IP to an Eppendorf tube with an appropriate antibody. 
The optimal chromatin/antibody ratio has to be determined empirically for each antibody 
used. As a “rule of thumb”, use about 10 μg of antibody per IP for polyclonal antibodies. For 
monoclonal antibodies, usually a 1.5x to 4x higher concentration has to be used. Also set up 
600 μl of chromatin solution with an unrelated antibody as a mock IP.

  7. Add 80 μl of washed Protein A agarose beads to the chromatin IPs (25% slurry; for the 
preparation see step 2). Rotate overnight at 4°C.
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Day 2

Collection, washes and elution of immune complexes

  1. Prepare fresh elution buffer and place it at 65°C.

  2. Spin IPs in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads and discard  
the supernatant.

  3. Add 1 ml of low salt wash buffer per tube. Rotate for 5 min at 4°C.

  4. Spin in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads and  
discard supernatant.

  5. Add 1 ml of high salt wash buffer per tube. Rotate for 5 min at 4°C.

  6. Spin in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads and  
discard supernatant.

  7. Add 1 ml of LiCl wash buffer per tube. Rotate for 5 min at 4°C.

  8. Spin in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads and  
discard supernatant.

  9. Add 1 ml of TE buffer per tube. Rotate for 5 min at 4°C.

10. Spin in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads and  
discard supernatant.

11. Repeat TE wash. Spin in cooled benchtop centrifuge at 5000 rpm for 30 sec to collect beads 
and discard supernatant.

12. Elute immune complexes by adding 250 μl of elution buffer. Vortex briefly to mix and 
incubate at 65°C for 15 min. Spin in benchtop centrifuge at 13000 rpm for 30 sec and transfer 
supernatant to a fresh Eppendorf tube.

13. Repeat elution and finally combine the two elutes.

Reverse cross-linking

  1. Add 20 μl of 5M NaCl to samples. Incubate overnight at 65°C.

  2. Add 109 μl of TE buffer, 7/1 μl of 5 M NaCl and 8.7 μl 20% SDS to the 60 μl input control aliquoted 
on Day 1. Incubate overnight at 65°C.

Day 3

DNA cleanup

  1. Add 10 μl of 0.5M EDTA, 20 μl 1M Tris-HCl pH 6.5 and 1 μl of 20 mg/ml proteinase K to the IP 
samples. Add 1.2 μl of 0.5M EDTA, 2.4 μl 1M Tris-HCl pH 6.5 and 1 μl of 20 mg/ml proteinase K 
to the input control samples. Incubate for 1-3 hr at 45°C. The samples can be gently shaken 
through this incubation.

  2. Purify the DNAs using a silica-gel membrane (e.g. PCR purification kit). Elute DNAs twice with 
50 μl 10 mM Tris-HCl pH 8.0 and pool elutes. Proceed to PCR reactions. An excellent guide to 
quantification of ChIP by real-time PCR is provided by Haring et al. (2007).
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Materials and reagents

Extraction buffer 1 Extraction buffer 2 Extraction buffer 3

– 0.4 M Sucrose
– 10 mM Tris-HCl, pH 8.0
– 10 mM MgCl2
– 5 mM β-mercaptoethanol
– Protease inhibitors

– 0.25 M Sucrose
– 10 mM Tris-HCl, pH 8.0
– 10 mM MgCl2
– 1% w/v Triton X-100
– 5 mM β-mercaptoethanol
– Protease inhibitors

– 1.7 M Sucrose
– 10 mM Tris-HCl, pH 8.0
– 2 mM MgCl2
– 0.15% w/v Triton X-100
– 5 mM β-mercaptoethanol
– Protease inhibitors

Nuclei lysis buffer Protease inhibitor ChIP dilution buffer
– 30 mM Tris-HCl, pH 8.0
– 10 mM EDTA
– 1% w/v SDS
– Protease inhibitors

– 1 mM PMSF (final
concentration)

– Protease inhibitor cocktail
(follow manufacturer’s
instructions)

– 1.1% Triton X-100
– 1.2 mM EDTA
– 16.7 mM Tris-HCl, pH 8.0
– 167 mM NaCl

Elution buffer Low salt wash buffer High salt wash buffer
– 1% SDS
– 0.1 M NaHCO3

– 150 mM NaCl
– 0.1% SDS
– 1% Triton X-100
– 2 mM EDTA
– 20 mM Tris-HCl, pH 8.0

– 500 mM NaCl
– 0.1% SDS
– 1% Triton X-100
– 2 mM EDTA
– 20 mM Tris-HCl, pH 8.0

LiCl wash buffer TE buffer
– 0.25 M LiCl
– 1% Nonident P-40
– 1% sodium deoxycholate
– 1 mM EDTA
– 10 mM Tris-HCl, pH 8.0

– 10 mM Tris-HCl, pH 8.0
– 1 mM EDTA

References:
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and data normalization. Plant methods, 3:11.

– Lawrence RJ, Earley K, Pontes O, Silva M, Chen ZJ, Neves N, Viegas W and Pikaard CS (2004). A concerted DNA methylation/histone
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– Lippman Z, Gendrel AV, Black M, Vaughn MW, Dedhia N, McCombie WR, Lavine K, Mittal V, May B, Kasschau KD, Carrington JC, Doerge
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