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TILLING
Targeting Induced Local Lesions IN Genomes

1. Make EMS-mutagenized population 
2. Target gene of interest with PCR primers
3. Search for rare mutants among many individuals

Bentley, 2000, Genetics 156, 1169
McCallum, 2000, Nat.Biotech, 18, 455 



Pool and array

M2 plants

DNAs

8X pool

384x8 individuals/ plate 
2-D pooling provides 
address of unique individual



Choosing the window to till

primers

gene model

Exons vs introns
Codon type (AAA vs TGG)
Conserved motifs

Exons vs introns
Codon type (AAA vs TGG)
Conserved motifs

PCR

tilled fragment 0.5 to 1.5 kb



Formation of heteroduplexes in pooled DNAs
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CelI detection of mutations

PCR, heat, anneal

fluorescent primers

CelI

denature
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Red boxes mark mutations in pools



568 16 24 32 40 48 64 72 80 88 96

Second fluorescence channel detects bottom strand



TILLING SERVICES

• Arabidopsis: 
– opened 2002
– 600 genes, 6,300 mutations, 2.4 Gigabases DNA
– 1 gene, 4 Mb: $1,500
– http://tilling.fhcrc.org:9366/

• Maize: opened Dec 2004, 
http://genome.purdue.edu/maizetilling/main.htm

• Fly: opened March 2005, 
http://tilling.fhcrc.org:9366/fly/



Can the technology used for TILLING 
be used to discover natural variation?



Versions of Ecotilling
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detect
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Ecotilling of inbred arabidopsis and 
rice

dope

query



Dope each accession DNA with standard DNA



Catalog alleles, sequence if desired
standard variants



Ecotilling DNA
methylase DRM1

natural KO allele



Ecotilling PIF2

•PIF2-13
•96% ID to 
PIF2-1
•variable 
coding regions
•conservation 
for function 



AtWRN-exo

No (?) protein variants



Ecotilling GATA-
TF “C7”

Protein variants



A:T<>G:C

GAA simple repeat:
5 <> 6

<> indel 9 nt



Rice Ecotilling

96 accessions: spike each with Nipponbare DNA and assay



Lane calling in GelBuddy

GelBuddy: Zerr and Henikoff, 2005, NAR 83, 2806 



Identifying polymorphisms



Grouping polymorphisms



GelBuddy Output
Lane     700% (  MW)      800% (  MW)    (Total)

6     19.5 ( 710)      63.2 ( 304)    ( 1014)
11     19.4 ( 710)      63.1 ( 305)    ( 1015)
22     19.5 ( 710)      63.2 ( 304)    ( 1014)
28     19.5 ( 709)      63.0 ( 306)    ( 1015)
43     19.6 ( 708)      63.1 ( 305)    ( 1013)
47     19.4 ( 710)      63.3 ( 304)    ( 1014)
53     19.5 ( 709)      63.3 ( 304)    ( 1013)
56     19.6 ( 709)      63.3 ( 304)    ( 1012)
61     19.6 ( 708)      63.3 ( 304)    ( 1012)
69     19.6 ( 709)      63.2 ( 304)    ( 1013)
93     19.5 ( 709)      63.5 ( 302)    ( 1011)

Similar Lanes

-------------

Lane   6,  11,  22,  28,  43,  47,  53,  56,  61,  69,  93

19.5 ( 708- 710)    63.2 ( 302- 306) 



Eco-Squint output



Ecotilling humans: one by one, no 
dope

query

throughput: 288/Licor x day



Human DCLRE1A (cross-linked DNA repair 
protein)
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DCLRE1A (cross-linked DNA repair protein)
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Ecotilling pools for rare haplotypes

query

pools of 8

throughput: 1152/Licor x day



A B

Discovery of rare polymorphism by 
pooling



Uses of ecotilling

1. Screen many individuals at one locus
2. Not good for few individuals at many loci
3. Discover rare haplotypes
4. Good in heterozygous populations
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