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ABSTRACT 
Invasive weeds present a persistent threat to current agriculture and have large economic and biological losses; 

nevertheless we have little information about the weed genomics. Genomics tools such as next generation 

sequencing platforms, functional genomics approaches, comparative genomics, transposon mutagenesis, antisense 

down regulation, RNAi technology have recently been successfully applied in herbicide resistant studies. Genomics 

tools are becoming increasingly more accessible and reasonably priced especially in weed science. One example is 

next generation sequencing technology which provides both sequence and a measure of expression levels. These 

tools provide new insights into the herbicide resistance and response of the weeds in different environmental 

conditions. Weed genomics should increase the potential of discovering new herbicides mechanism of action and 

provide techniques to improve the efficiency and crop safety of new herbicides. Also, Genetically Modified (GM) 

crops are the next issue in weed science, genomic tools will make this process more feasible and applicable. Here, 

we try to propose information about weed genomics and provide collaboration between weed scientists and 

genomicist that could lead to better weed management.  
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 INTRODUCTION 

 

Weed scientists face many challenges in controlling invasive plants concerning available 

control techniques. The widespread reliance on a few herbicides for weed control in the major 

row crops has led to downward price pressure on other herbicides, which has contributed to 

industry consolidation. The lower return on investment of newer herbicides has been a 

contributing factor in fewer herbicide introductions and the lack of new herbicide mechanisms of 

action. 

Resistance of weeds to existing herbicide mechanisms of action, loss of older herbicides, 

and especially specific herbicide mechanisms of action through regulatory or economic means 

and lack of new herbicides and especially herbicides with novel mechanisms of action are three 

major issues facing weed scientists. A better understanding and use of genomics technologies 

potentially allows the weed scientist to find new herbicides and herbicide mechanisms of action 

and extend the use of current herbicide mechanisms of action by overcoming weed resistance, 

developing crop resistance, or making them more efficacious (Dill et al. 2008). 

Bridging the gap from genomics to weed science is not without precedent. Of course, 

today the techniques of molecular biology pervade all types of biological research and have 

provided tremendous insights into the biology of weeds, including their origin, dispersal, and 

mechanisms of control. In much the same way, genomic approaches promise to extend our 

insights beyond individual genes to the nature and evolution of complex traits and genomes as a 

whole (Yuan et al. 2008). 
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Although a number of reviews have been published on the use of genomics, molecular genetics, 

and biochemistry in weed science (Basu et al. 2004; Chao et al. 2005; Yuan et al. 2007), the 

development of genomic tools and resources for weedy and invasive species lags far behind that 

for crops and model species.  

Ultimately, the practical goal of weed genomics is to aid in weed management. Support 

for genomic research is dependent upon its application to the needs of end users and its benefits 

to agriculture and the environment. This article will review key strategies for using genomic 

approaches to achieve the goals of weed science and how weed scientists can move toward 

implementing this agenda in their research. 

 

The genetically modified plant 

 

Genetically Engineered Herbicide Tolerant (GEHT) crops are providing farmers with an 

option to control problematic weeds. The ability to spray the knockdown herbicide glyphosate 

over crops to kill all susceptible weeds has given farmers the ability to dramatically lower weed 

populations. Co-existence is the concurrent cultivation of conventional, organic, and GE crops 

consistent with underlying consumer preferences and farmers choices (Redding et al. 2012). The 

sustainability of this herbicide and any future herbicide resources will be greatly improved with 

the development of alternative, highly effective weed-control strategies (Walsh and Powles 

2007). 

 

Genomic Approaches to Weed Science 

 

Functional Genomics: Functional genomics is a branch of specialization in the field of 

genomics that studies the functions and interactions among genes. Functional genomics includes 

transcriptomics (e.g. mRNA profiling or microarray, discussed later), metabolomics, proteomics, 

etc. Use of EST (Expressed Sequence Tags) in functional genomics has become a widespread 

basis for the analysis of the transcriptional state of an organism. Collections of the cDNA 

sequences are commonly referred to as EST. There are growing numbers of EST databases for 

numerous weeds including but not limited to leafy spurge, starthistle, and ryegrass, spotted 

knapweed, and the parasitic weed dodder (Anderson et al. 2007). the leafy spurge EST database 

used to identify molecular markers for cell cycle transitions (Horvath et al. 2002) and same EST 

resources used to identify several likely sugar metabolism genes to investigate the suspected 

impact of environmental conditions resulting in dormancy transitions on sugar metabolism in 

leafy spurge. 

EST databases can be used to develop high density microarrays to assess global changes in gene 

expression. Microarrays are slides printed with a set of cDNA or oligonucleotide probes, to 

which corresponding sequences in a sample of expressed sequences (a transcriptome) will anneal 

(hybridize). leafy spurge is the only completely weedy species for which high density 

microarrays have been developed (Horvath et al. 2008). 

 

Next-Generation Sequencing (NGS): NGS methods are recently developed, high-

throughput alternatives to traditional sequencing, offering simultaneous sequencing of hundreds 

of thousands of short regions of a DNA sample (Mardis 2008). These technologies are currently  
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led by three companies (454 sequencing technology by Roche Applied Sciences, Solexa genome 

analysis system by Illumina and SOLiD system by Applied Biosystems) (Yuan et al. 2008). NGS 

methods can also be performed such that the number of reads for a particular sequence correlates 

with its frequency in the sample; sequencing of a library of expressed sequences in this way 

provides both sequence and a measure of expression levels. The only weedy species for which 

significant amount of genomic sequence data is available is waterhemp (Amaranthus 

tuberculatus) (Lee et al. 2008). 454 technology provided 42 Mbp of sequence data for this weed 

using only one half of the sequencing capacity of a single experiment. The number of genes 

identified in these experiments is surprising since the genome of waterhemp is about 750 Mbps 

in size. 
Comparative genomics: Comparative genomics involves comparing genomes of two or 

more species. Bioinformatics are important tools for comparative genomics among several plant 

species. Comparative genomics is a branch of genomics in which genome sequences of several 

species are compared. A study using comparative genomics (Lan et al. 2000) reported a 

comparative map of Brassica oleracea and Arabidopsis thaliana. The comparative mapping 

approach by Lan et al. (2000) might be used to map weediness genes and compare them with a 

well - studied model plant. The use of genomic information for studies in weed science is still in 

its infancy in most cases. There are currently eight weeds with well developed genomic 

resources and significant research efforts. Three of these (wild rice, (Oryza ssp.), wild 

sunflowers (Helianthus ssp.), and perennial ryegrass (Lolium perenne) have close crop relatives. 

 

Transposon mutagenesis: Transposition mutagenesis is a biological process that allows 

genes to be transferred to a host organism's chromosome, interrupting or modifying the function 

of an extant gene on the chromosome and causing mutation. The transposon tagging system is 

made up of two elements: the transposon that inserts the T - DNA into various places, and the 

transferase that excises the mutational element allowing the gene to remain in place. The most 

commonly used transposition system, the Ac/Ds (activator/ dissociation) system from maize, has 

been introduced in Arabidopsis (Tissier et al. 1999). The transgene in the first case can rapidly 

introgress into the related weed, and in the second case resistance evolves quickly. Solutions 

have been proposed and tested on how to mitigate gene flow from crop to weed by tandemly 

attaching to the herbicide resistance transgenes a second gene that is neutral to the crop but 

confers unfitness to the weeds (Gressel 1999; Al-Ahmad et al. 2005; Rose et al. 2009). 

Transposons have also been engineered to carry genes, such as antibiotic or herbicide resistance 

for positive selection, or reporter genes for monitoring and use in promoter and enhancer 

trapping (Meissner et al. 1997). Usually, the engineered transposon is nonautonomous. Positive 

selection for the presence of transposons has been used in tagging experiments, where the goal is 

to promote transposition in order to mutate genes and then to monitor the presence of the 

transposon (Sundaresan 1996). 

 

Knocking out genes for target site identification: Several methods that are based on 

RNA expression can be used to partially silence a gene (Matzke et al. 2001). The DNA chosen 

for partial gene suppression or antisensing could be from a known gene or it can be a new open 

reading frame. To do this, an appropriate DNA construct is made in which the cDNA is cloned in 

reverse orientation and is introduced into a plant. The cDNA produces mRNA in the antisense  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4226382/#bib29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4226382/#bib3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4226382/#bib76
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4226382/#bib59
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4226382/#bib84
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orientation, which, in a manner not yet fully clear, partially suppresses translation of the 

complimentary “sense” mRNA.  

Antisensing reduces gene transcription, whereas RNAi reduces translation. RNAi 

methods often suppress gene expression more than antisensing. Current efforts are underway to 

produce and characterize large numbers of different RNAi lines (Hilson et al. 2004). It is 

obvious that some of herbicide target sites discovered by antisense and RNAi technologies 

would be good target sites. In some cases, reducing gene expression of a particular gene may 

provide no phytotoxicity symptoms, but knocking out the gene might synergize a herbicide. For 

example, antisensing chloroplast ascorbate peroxidase in Arabidopsis gave a normal phenotype 

with a 50% reduction in enzyme activity (Tarantino et al. 2005). 

Constitutive overexpression or antisense expression can sometimes lead to lethality that 

is difficult to explain from a physiological standpoint. Viewing and understanding the effects is 

easier when the antisensed constructs include a selectable marker and the antisense gene is under 

an inducible or developmental promoter. Another way to assay for antisense is a transactivation 

system. A line of plants is transformed with a chimeric transcription factor under constitutive 

control (Molina et al. 1999). 

 

Bioinformatics: Bioinformatics allows researchers to assemble complete or partial genes 

from ESTs, complete cDNAs, or complete genomes and then translate them into their 

corresponding amino acid sequences. Similarity searches can be used to find other proteins with 

homology to the gene of interest, which can provide clues to its function from the annotation of 

these database hits. The use of protein domain databases can also provide insight into the 

functional capabilities of the protein in question and delineate those portions essential for 

activity. Enzyme Commission numbers or gene ontology descriptors allow placement of the 

protein within the larger network context of a biological system. These capabilities allow the 

scientist to probe deeper into the function of their protein of interest to gain a novel 

understanding of the biology. These tools can be used to identify genes whose product may be 

the target site of a herbicide or in the degradation pathway of a xenobiotic. They may identify 

receptors responsible for pathogen recognition or enzymes in the metabolic pathway for 

allelopathic compounds (Larrinua and Belmar 2008). 

  

CONCLUSIONS  

 

Weeds, especially invasive weeds, are a threat to biodiversity (Broz et al. 2007). There is 

a saying that if we want to defeat our enemy we must know the enemy very well. Weeds are 

champions in agro - ecosystems with limited resources and cause tremendous damage to crop 

yields (Basu et al. 2004). Emerging tools of molecular biology (Dyer 1991 ), genomics (Basu et 

al. 2004), and bioinformatics (Larrinua and Belmar 2008) could be successfully used in the field 

of weed science to understand weed physiology, weed growth and development, and 

mechanisms of herbicide resistance. Weed scientists must initiate collaborations with genomics-

oriented researchers and bioinformaticians, bringing together disparate areas of expertise and 

leveraging a broader array of financial resources for these large projects. It is also important that 

funding agencies recognize that the use of genomic approaches focused on major weed species, 

although not a panacea, will offer novel solutions and provide tangible benefits to science.  
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