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Introduction 
 

A new era of genomics for plant science 

research has opened due the complete genome 

sequencing projects of Arabidopsis thaliana 

and rice. The sequence information available 

in public database has highlighted the need to 

develop genome scale reverse genetic 

strategies for functional analysis (Till et al., 

2003). As most of the phenotypes are obscure, 
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Targeting Induced Local Lesions in Genome (TILLING) is a general reverse technique 

that combines chemical mutagenesis with PCR based screening to identity point mutations 

in regions of interest. The strategy works with a mismatch-specific endonuclease to detect 

induced or natural DNA polymorphisms in gene of interest. The main principles of 

TILLING include making EMS-mutagenized population, targeting gene of interest with 

PCR primers and searching rare mutants among many individuals. A study based on 

applying TILLING to elucidate gene function in a chemically induced sorghum mutant 

population showed that total of five mutants were detected for four gene targets. High 

throughput TILLING was demonstrated applicable to maize, with a large genome but with 

limited genetic resources currently available. This study also concluded public TILLING 

service for maize, modelled on the existing Arabidopsis TILLING Project. The basic 

applications of ECO-TILLING include mapping, association analysis, mutation profiling 

and biodiversity. The main advantage of TILLING is its ability in determining the 

spectrum of variation and for genetic mapping based on linkage association analysis. The 

technique is a however cost effective too. One of the basic disadvantages of TILLING is 

the low rate of induction of mutation and requirement of skilful labours. 
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the forward genetics can hardly meet the 

demand of a high throughput and large-scale 

survey of gene functions. Targeting Induced 

Local Lesions in Genome TILLING is a 

general reverse genetic technique that 

combines chemical mutagenesis with PCR 

based screening to identity point mutations in 

regions of interest (McCallum et al., 2000). 

This strategy works with a mismatch-specific 

endonuclease to detect induced or natural 

DNA polymorphisms in genes of interest. A 

newly developed general reverse genetic 

strategy helps to locate an allelic series of 

induced point mutations in genes of interest. 

It allows the rapid and inexpensive detection 

of induced point mutations in populations of 

physically or chemically mutagenized 

individuals.  

 

To create an induced population with the use 

of physical/chemical mutagens is the first 

prerequisite for TILLING approach. Most of 

the plant species are compatible with this 

technique due to their self-fertilized nature 

and the seeds produced by these plants can be 

stored for long periods of time (Borevitz et 

al., 2003). The seeds are treated with 

mutagens and raised to harvest M1 plants, 

which are consequently, self-fertilized to raise 

the M2 population. DNA extracted from M2 

plants is used in mutational screening 

(Colbert et al., 2001). To avoid mixing of the 

same mutation only one M2 plant from each 

M1 is used for DNA extraction (Till et al., 

2007). The M3 seeds produce by selfing the 

M2 progeny can be well preserved for long 

term storage. Ethyl methane sulfonate (EMS) 

has been extensively used as a chemical 

mutagen in TILLING studies in plants to 

generate mutant populations, although other 

mutagens can be effective. EMS produces 

transitional mutations (G/C, A/T) by 

alkylating G residues which pairs with T 

instead of the conservative base pairing with 

C (Nagy et al., 2003). It is a constructive 

approach for users to attempt a range of 

chemical mutagens to assess the lethality and 

sterility on germinal tissue before creating 

large mutant populations. 

 

History and overview 

 

TILLING first began in the late 1990’s by a 

graduate student, Claire McCallum (and 

collaborators from Fred Hutchinson Cancer 

Research Center and Howard Hughes Medical 

Institute), who worked on characterizing the 

function of two chromomethylase genes in 

Arabidopsis (Henicoff et al., 2004).Claire 

McCallum utilized reverse genetic approaches 

such as T-DNA lines and antisense RNA, but 

was unable to successfully apply these 

approaches to characterize CMT2. The 

approach that was successful turned out to be 

what is now known as TILLING (Targeting 

Induced Local Lesions in Genomes). This was 

accomplished by pooling chemically induced 

mutagenized plants together, amplifying the 

region of interest, creating heteroduplexes 

among the pooled DNA, and performing 

dHPLC (denaturing high performance liquid 

chromatography) to detect the mutants by 

chromatographic alterations(McCallum et al., 

2000).  

 

Since the inception of this method, TILLING 

has been streamlined, automated, and utilized 

in many plant and animal taxa. TILLING, 

which is a reverse genetic high throughput 

approach, aims to identify SNPs (single 

nucleotide polymorphisms) and / or INDELS 

(insertions/ deletions) in a gene /genes of 

interest from a mutagenized population. 

Therefore, the first step in TILLING is the 

creation of a mutagenized population, which 

is often accomplished by treatment with a 

chemical mutagen such as EMS. Many plant 

species are well suited for this strategy 

because they can be self-fertilized and seeds 

can be stored for long periods of time 

(Henicoff et al., 2004; McCallum et al., 

2000). However, multiple strategies also exist 
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for the creation of mutant populations in 

animal species (Sood et al., 2006; Gilchrist et 

al., 2006). In plants, seeds are treated with 

EMS and grown out to produce M1 plants, 

which are subsequently self-fertilized to 

produce the M2 generation. Leaf tissues from 

M2 plants are collected for DNA extraction 

and then used for mutational screening 

(Colbert et al., 2001). To avoid sampling of 

the same mutation only one M2 individual 

from each M1 is chosen for DNA extraction 

(Till et al., 2007). The M2 progeny can be 

self-fertilized and the resulting M3 seed can 

be preserved in long term storage (Till et al., 

2003). EMS has been widely used as a 

chemical mutagen in TILLING in both plant 

and animal studies to generate mutant 

populations, although other chemical 

mutagens can be effective. EMS typically 

produces transition mutations (G/C: A/T) 

because it alkylates G residues (Comia et al., 

2006) and the alkylated G residue pairs with 

T instead of the conventional base pairing 

with C (Henicoff et al., 2003). 

 

The various steps for TILLING process are 

mentioned by Lightner et al., 1998 for 

Arabidopsis as: 

 

EMS mutagenesis 

 

DNA preparation and pooling of individuals 

 

PCR amplification of a region of interest with 

fluorescently tagged primers 

 

Denaturation and annealing to allow 

formation of heteroduplexes at the site of 

mutation 

 

Resultant double-stranded products are 

digested with CEL I, which cleaves on of the 

two strands at the heteroduplex mismatches 

 

Cleaved products are detected on 

polyacrylamide denaturing gels.  

Case study 1 

 

A study based on applying TILLING to 

elucidate gene function in a chemically 

induced sorghum mutant population showed 

that total of five mutants were detected for 

four gene targets (Zhanguo et al., 2008). A 

total of 768 mutant lines were assayed for 

mutation induction in the target genes. Four 

gene targets were selected based on their 

potential contribution to bioenergy, nutrition, 

and agronomic performance for high 

throughput TILLING. Eight-fold pools of 

genomic DNA from leaf tissues of M2 plants 

were used for TILLING. Mutagenesis-

sorghum inbred line BT*623 was used to 

generate the mutant populations using EMS 

(0.1 to 0.6% mutagenesis).  

 

A sorghum mutant population consisting of 

1,600 lines was generated from the inbred line 

BTx623 by treatment with the chemical agent 

ethyl methanesulfonate (EMS). Numerous 

phenotypes with altered morphological and 

agronomic traits were observed from M2 and 

M3 lines in the field. A subset of 768 mutant 

lines was analyzed by TILLING using four 

target genes. A total of five mutations were 

identified resulting in a calculated mutation 

density of 1/526 kb. Two of the mutations 

identified by TILLING and verified by 

sequencing were detected in the gene 

encoding caffeic acid O-methyltransferase 

(COMT) in two independent mutant lines. The 

two mutant lines segregated for the expected 

brown midrib (bmr) phenotype, a trait 

associated with altered lignin content and 

increased digestibility. Moreover 0.25% EMS 

concentration is most effective. 

 

Case study 2 

 

High throughput TILLING was demonstrated 

applicable to maize, with a large genome but 

with limited genetic resources currently 

available (Bradley J Till et al., 2004). 
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Demonstrated that high-throughput TILLING 

is applicable to maize, an important crop plant 

with a large genome but with limited reverse-

genetic resources currently available. They 

screened pools of DNA samples for mutations 

in 1-kb segments from 11 different genes, 

obtaining 17 independent induced mutations 

from a population of 750 pollen-mutagenized 

maize plants. One of the genes targeted was 

the DMT102 chromomethylase gene, for 

which they obtained an allelic series of three 

missense mutations that are predicted to be 

strongly deleterious. 

 

Applications 

 

Major areas of applications are 

 

Functional genomics 
 

The identification of numerous mutations in 

target region of genome. Construction of 

TILLING library is useful for scientists to 

search for mutations in gene of interest. 

TILLING offers a way to investigate target 

GOI in any crop of interest without first 

having knowledge of gene product. 

 

Genetic engineering 

 

Agricultural interest in producing phenotypic 

variants without introducing foreign DNA of 

any type into plants genome. T-DNA/ 

Transposon insertions are used to obtain 

specific gene knockouts but practically 

limited to some crops only. TILLING is in 

front of transgene, as consists of identification 

of numerous mutations within a targeted 

region of whole genome. 

 

Evaluation of genetic diversity of natural 

populations 
 

Alternative to wild relatives, TILLING is 

used to introduce useful genetic variation of 

elite germplasm. Also applicable in a 

population which has several pre-existing 

polymorphism for developing SNPs. 

 

ECO-TILLING 

 

ECO-TILLING (Ecotype Targeting Induced 

Local Lesions IN Genomes), a rapid, 

inexpensive and well-established allele 

mining approach is found much proficient in 

large-scale mining and high-throughput 

genotyping of novel natural and functional 

allelic variants (without prior knowledge of 

SNP alleles) of known and candidate genes 

related to useful agronomic traits in diverse 

crop germplasm accessions (McCallum et al., 

2000; Comai et al., 2004; Till et al., 2006, 

2007, 2010; Raghavan et al., 2007; Wang et 

al., 2010; Xia et al., 2012). The first 

publication of the ECO-TILLING method in 

which TILLING was modified to mine for 

natural polymorphisms was in 2004 for 

Arabidopsis. ECO-TILLING is similar to 

TILLING, except that its objective is to 

identify natural genetic variation as opposed 

to induced mutations. Many species are not 

amenable to chemical mutagenesis, therefore 

ECO-TILLING can aid in the discovery of 

natural variants. ECO-TILLING is a means to 

determine the extent of natural sequence 

variation across many germplasms, enabling 

both SNP discovery and haplotyping (Comia 

et al., 2004). This technique is now applied to 

rice, maize, lotus, poplar (Gilchrist et al., 

2006), Brassica, zebrafish, Drosophila, 

Caenorhabditis and human (Till et al., 2006), 

indicating its broad applicability. The 

implication of ECO-TILLING to identify 

potential novel functional alleles in the known 

and candidate genes/transcription factors 

(TFs) regulating qualitative and quantitative 

agronomic traits by association/genetic 

mapping is well-documented for expediting 

the genetic enhancement of crop plants 

(Mejlhede et al., 2006; Barkley and Wang, 

2008; Ibiza et al., 2010; Negrao et al., 2011; 

Yu et al., 2012; Frerichmann et al., 2013). 
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ECO-TILLING usually employs a mismatch-

specific CEL-I nuclease to cleave the PCR 

amplified fragments at the site of 

heteroduplex formation involving nucleotide 

(SNP-allelic) polymorphism. Most of the 

ECO-TILLING studies utilize the advanced 

genotyping platforms (LICOR NEN Model 

4300 DNA Analyzer, Transgenomic WAVE-

HS denaturing high performance liquid 

chromatography, ABI 377 sequencer and 

eGene capillary electrophoresis systems) for 

efficient resolution of fluorescent dye (IRDye 

700/800 and SYBR green)-labeled CEL-I 

cleaved heteroduplex PCR amplified 

fragments. Consequently, these efforts led to 

the discovery and genotyping of novel 

potential alleles specifically derived from the 

trait-associated known and candidate genes in 

natural population of diverse crop plants 

(Perry et al., 2003; Caldwell et al., 2004; 

Comai et al., 2004; Henikoff et al., 2004; 

Yang et al., 2004; Suzuki et al., 2005). The 

added-advantage of agarose gel-based ECO-

TILLING vis-à-vis the commonly utilized 

LICOR genotyper for large-scale mining and 

genotyping of allelic variants in accessions 

exhibiting low level polymorphism, is well-

demonstrated in many crop plants (Raghavan 

et al., 2007; Negrao et al., 2011; Yu et al., 

2012). This is merely because efficacy of an 

agarose gel-based ECO-TILLING approach 

in precise resolution of unlabeled CEL I-

cleaved heteroduplex PCR amplified 

fragments by a simpler, economical and time-

saving agarose gel-based detection assay as 

compared to a standard ECO-TILLING 

method that requires labeled CEL I-cleaved 

heteroduplex PCR amplicons for resolution in 

a LICOR genotyper. The broader utility and 

deployment of this agarose gel-based ECO-

TILLING approach in manifold large-scale 

genotyping applications is well-documented 

by the research laboratories with minimal 

resources (Raghavan et al., 2007; Negrao et 

al., 2011; Yu et al., 2012). This includes 

understanding the natural allelic diversity, 

population genetic structure and 

domestication pattern among accessions, 

molecular mapping and genetic association 

analysis for identification of potential 

molecular tags like alleles and genes/QTLs 

(quantitative trait loci) governing vital 

agronomic traits and marker-assisted breeding 

for selecting desirable accessions for crop 

genetic improvement. 

 

These methods are very useful in rapid and 

cheap detection of small mutations or natural 

polymorphisms. Mutations are the primary 

factors in nature to bring about variations. 

TILLING method can be used to generate 

disease resistant plants. This can be applied 

for Diploid or Allohexaploid and may provide 

a rapid approach to reverse genetics by the 

identification of induced and naturally 

occurring variation in many plant species. 

Cost effective method than Genetic 

engineering and has no associated bio-safety 

issues. But the problem lies in the fact that the 

rate of induction of mutation is low, requires 

skilful labours and moreover a mutagenized 

organism must be kept alive long enough to 

screen mutant population in vegetatively 

propagated plant species. 
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