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Abstract: A suspected glyphosate-resistant goosegrass [Eleusine indica (L.) Gaertn.] 

population, found in Washington County, Mississippi, was studied to determine the level 

of resistance and whether the resistance was due to a point mutation, as was previously 

identified in a Malaysian population. Whole plant dose response assays indicated a two- to  

four-fold increase in resistance to glyphosate. Leaf disc bioassays based on a  

glyphosate-dependent increase in shikimate levels indicated a five- to eight-fold increase in 

resistance. Sequence comparisons of messenger RNA for epsps, the gene encoding the 

enzyme 5-enolpyruvylshikimate-3-phosphate synthase, from resistant and sensitive 

goosegrass, revealed a cytosine to thymine nucleotide change at position 319 in the 

resistant accessions. This single nucleotide polymorphism causes a proline to serine amino 

acid substitution at position 106 in 5-enolpyruvylshikimate-3-phosphate synthase. A  

real-time polymerase chain reaction assay using DNA probes specific for the nucleotide 

change at position 319 was developed to detect this polymorphism. Goosegrass from  

42 locations were screened, and the results indicated that glyphosate-resistant goosegrass 

remained localized to where it was discovered. Pendimethalin, s-metolachlor, clethodim, 

paraquat and fluazifop controlled resistant goosegrass 93% to 100%, indicating that several 

control options for glyphosate-resistant goosegrass are available. 
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1. Introduction 

Resistance to glyphosate, the world’s most widely used herbicide [1], was first documented in rigid 

ryegrass in 1996 [2]. The creation of glyphosate-resistant crops, which dramatically expanded 

glyphosate-treated acres in recent years, has resulted in increases in the number of weeds evolving 

resistance [2]. Glyphosate-resistant goosegrass was first documented in Malaysia [3], where resistance 

to glyphosate was eight- to 12-fold greater than sensitive plants. Since then, glyphosate-resistant 

goosegrass has been reported in Taiwan [4], the Philippines [5], Columbia [4] and Tennessee [6]. In 

Malaysian goosegrass, resistance was caused by a single nucleotide polymorphism (SNP) in epsps, the 

gene encoding 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), and was identified as a 

cytosine to thymine nucleotide change at position 319 of the messenger RNA [7]. This mutation 

resulted in a proline to serine amino acid substitution at position 106 (P106S) [7]. Another resistant 

Malaysian goosegrass was shown to have a P106T (threonine) mutation, which conferred a level of 

resistance similar to the P106S change [8,9]. These mutations decrease the binding efficiency of 

glyphosate to the active site of EPSPS. 

In 2009, a goosegrass population, suspected of being resistant to glyphosate, was found at the edge 

of a soybean field in Washington County, Mississippi. The goosegrass population was not controlled 

by repeated applications of glyphosate at 0.84 kg acid equivalent (ae) ha
−1

. The level of resistance has 

not been characterized for this goosegrass population, and it was unknown if these plants had the same 

SNPs as are found in resistant Malaysian goosegrass. The objectives of this study were to: quantify the 

levels of glyphosate resistance in goosegrass; determine whether shikimate accumulation bioassays 

could differentiate between resistant and sensitive goosegrass; sequence epsps to identify possible 

nucleotide differences between resistant and sensitive goosegrass; and determine if this glyphosate 

resistant goosegrass is cross-resistant to other commonly used herbicides. If resistance in Mississippi 

goosegrass was due to a mutation in the target site, then a SNP assay could be developed to distinguish 

between resistant and sensitive genotypes. 

2. Results and Discussion 

For the initial studies, three resistant goosegrass accessions, GG14, GG16 and GG19, and one 

sensitive accession, GG15, were used to assess the glyphosate resistance mechanism. There were no 

significant differences between experimental runs for whole plant and shikimate determinations, so 

data were combined. Goosegrass accessions GG14, GG16 and GG19 were more resistant to 

glyphosate compared to GG15, based on reduction in dry weight (Figure 1).  
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Figure 1. Dose response of glyphosate rate and dry weight for GG15, GG19, GG16 and GG14. 

 

Mean GR50 values (Table 1) were estimated to be 0.08, 0.17, 0.24 and 0.35 kg ha
−1

 for GG15, 

GG14, GG16 and GG19, respectively, indicating that GG14, GG16 and GG19 were two to four-fold 

more resistant to glyphosate than the sensitive GG15.  

Table 1. GR50 and resistance factor (R/S ratio) values from dose response of glyphosate 

rate and dry weight for GG15, GG19, GG16 and GG14 for Figure 1. 

Parameters GG14 GG15 GG16 GG19 

Y range 99.6 ± 3.9 100.1 ± 4.2 104.7 ± 3.7 97.4 ± 2.6 

Background 0.4 ± 6.8 −0.5 ± 4.4 0.4 ± 7.3 −5.7 ± 2.4 

GR50 0.17 ± 0.04 0.08 ± 0.07 0.25 ± 0.06 0.35 ± 0.02 

Slope factor 1.6 ± 0.32 1.6 ± 1.24 1.3 ± 0.22 1.4 ± 0.2 

R/S 2 -- 3 4 

Similar increases in goosegrass resistance were previously reported [3,8,9].  

The shikimate assay, modified to include four disks per well in 100 µL of incubation buffer in a  

48 well plate format, resulted in production of sufficient amounts of shikimate for estimation of EPSPS 

inhibition. GG15 produced about the same levels of shikimate as GG14 and GG19 (Figure 2).  
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Figure 2. Dose response of glyphosate rate and shikimate accumulation in leaf disks from 

GG15 (A), GG14 (B), GG16 (C) and GG19 (D). 

 

GG16 produced nearly double the amount of shikimate compared to GG14, GG15 and GG19 and 

continued to produce shikimate at the highest glyphosate concentrations. The inset tables show that the 

glyphosate concentration resulting in half maximal shikimate production was 30 µM for GG15, and 

estimates for GG14, GG16 and GG19 were 187, 240 and 146 µM, respectively. These results 

demonstrate a five- to eight-fold decrease in sensitivity of EPSPS to glyphosate in GG14, GG16  

and GG19.  

Nucleotide sequences for epsps from GG14, GG15, GG16 and GG19 were assembled and aligned, 

and sequences flanking the point mutation are shown (Table 2A). Translations of the nucleotide 

sequences to yield amino acid sequences were also aligned (Table 2B).  
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Table 2. Nucleotide alignment (A) of epsps in glyphosate sensitive (accession number 

AY157642) and resistant (AY157643) Malaysian goosegrass compared with Mississippi 

GG14 (JN004269), GG15 (JN004268), GG16 and GG19. Corresponding amino acid 

alignment (B) of 5-enolpyruvylshikimate3-phosphate synthase (EPSPS) in resistant and 

sensitive goosegrass from Malaysia and Mississippi. Nucleotide and amino acid changes 

are in bold and underlined. The altered nucleotide and amino acid are at positions 319 and 

106, respectively. 

A  

Origin Nucleotide residues 

Consensus Identity A CTGCAATGCGATCATTGACAGCAGC 

AY157642 (Malaysia sensitive) ACTGCAATGCGACCATTGACAGCAGC 

AY157643 (Malaysia resistant) ACTGCAATGCGATCATTGACAGCAGC 

GG14 (Mississippi resistant) ACTGCAATGCGATCATTGACAGCAGC 

GG15 (Mississippi sensitive) ACTGCAATGCGACCATTGACAGCAGC 

GG16 (Mississippi resistant) ACTGCAATGCGATCATTGACAGCAGC 

GG19 (Mississippi resistant) ACTGCAATGCGATCATTGACAGCAGC 

B  

Origin Amino acid residues 

Consensus Identity LFLGNAGTAMRSLTAAVTAAGGNATY 

AY157642 (Malaysia sensitive) LFLGNAGTAMRPLTAAVTAAGGNATY 

AY157643 (Malaysia resistant) LFLGNAGTAMRSLTAAVTAAGGNATY 

GG14 (Mississippi resistant) LFLGNAGTAMRSLTAAVTAAGGNATY 

GG15 (Mississippi sensitive) LFLGNAGTAMRPLTAAVTAAGGNATY 

GG16 (Mississippi resistant) LFLGNAGTAMRSLTAAVTAAGGNATY 

GG19 (Mississippi resistant) LFLGNAGTAMRSLTAAVTAAGGNATY 

Resistant goosegrass had a C319T change in the nucleotide sequence, which resulted in a predicted 

change in the amino acid sequence of P106S. Sequences of GG15 and GG14 were reported to 

GenBank and were assigned accession numbers JN004268 and JN004269, respectively.  

The SNP assay for detection of sensitive or resistant alleles was based on a PCR amplificat ion of 

specific alleles assay [9] and used the TaqMan
®
 Probe Gene Expression Analysis method for analysis. 

In this assay, there are two primers and two probes. The primers amplify the region containing the 

SNP of interest and the probes, specific for either the sensitive or the resistant sequence, are 

distinguished by different fluorescent markers, which are suppressed by a quencher molecule. The 

probes differ only at the SNP. During amplification, only one of the two probes will bind and release 

the fluorescent molecule. The T319 probe will only bind to DNA from a resistant plant, and the C319 

probe will only bind to DNA from a sensitive plant. The ABI 7500 real-time PCR system can detect 

different fluorescent molecules within a reaction, allowing for identification of sensitive and resistant 

individuals. An allelic discrimination plot of goosegrass accessions, from 42 locations at distances 

from 0.038 km to 1,680 km from the point of origin, having either the sensitive (C319) or resistant 

(T319) alleles of epsps, is shown in Figure 3.  
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Figure 3. Allelic discrimination plot of the sensitive (C319) and resistant (T319) alleles of 

epsps from goosegrass accessions from 42 locations from 0.038 km to 16,80 km from the 

point of origin. DNA from sensitive (●), resistant (○) and controls containing no template 

(□) were amplified in duplicate by the TaqMan
®
 Probe Gene Expression Analysis method. 

Data were plotted by using the absolute fluorescence of each reporter dye probe. 

 

Two clusters representing resistant and sensitive plants were identified. Of the nine resistant plants, 

three were GG14, GG16 and GG19, and six were plants within 0.1 km from the point of origin. 

Heterozygous accessions were not identified, but would have appeared as a third cluster midway 

between the sensitive and resistant clusters.  

Comparison of the mRNA epsps sequences of GG14, GG15, GG16, GG19 and the two Malaysian 

sequences (AY157642 and AY157643) revealed some sequence variation (Table 3). Aside from the 

C319T change, only one other nucleotide difference resulted in a change in the amino acid sequence. 

In GG16, the substitution of a guanine nucleotide for an adenine results in a corresponding amino acid 

sequence change of threonine to alanine. This change occurs in exon 8, near the end of the sequence. It 

is unknown if this change has any effect on the level of resistance in GG16 or the ability of the enzyme 

to function. In addition to the differences in sequence, three common polymorphisms were also 

detected (Table 4). These sequence differences were observed in multiple clones within each accession 

and are most likely due to natural variation among goosegrass populations. The C319T polymorphism 

responsible for glyphosate resistance may be part of this natural variation that was selected for by 

repeated applications of glyphosate. 
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Table 3. Differences in the mRNA sequence between Mississippi accessions and the 

Malaysian sensitive accession (AY15762). GG15 epsps mRNA was identical to AY15762. 

Accession Nucleotide Change Amino Acid Change 

GG14 225 A to G None 

GG14 319 C to T Proline to serine 

GG14 438 G to A None 

GG14 531 C to T None 

GG14 651 A to G None 

GG16 225 A to G None 

GG16 319 C to T Proline to serine 

GG16 438 G to A None 

GG16 651 A to G None 

GG16 1282 A to G Threonine to alanine 

GG19 225 A to G None 

GG19 319 C to T Proline to serine 

GG19 438 G to A None 

GG19 651 A to G None 

Table 4. Polymorphisms identified, common to more than one accession. Numbering is 

based on the Malaysian epsps sequence (AY15762). 

Polymorphism Location Accessions 

1543 A to C Exon 4 GG14, GG16, GG19 

2003 A to T Intron 4 GG14, GG16, GG19 

2617 T to C Exon 6 GG14, GG15 

Ng et al. [9,10] concluded that multiple founding events had occurred in separate locations, rather 

than spreading of a single resistant allele, since different mutations conferring resistance were spatially 

separated. Considering that glyphosate-resistant goosegrass populations are widely separated, it is 

likely that these have also evolved independently. The resistant goosegrass identified in 

Tennessee [6] is more than two-hundred kilometers from the Mississippi location. Goosegrass 

collected from surrounding areas and other states did not contain the C319T SNP. It is not known 

whether the point mutation, which results in the proline to threonine amino acid change at position 106 

in EPSPS reported in Malaysia [8,9], was present in Mississippi. This may be due to the limited 

number of samples sequenced from the location where the resistant plants were found.  

The results from the dose response growth experiments, shikimate accumulation bioassays and 

inferred sequence change in EPSPS based on epsps sequence analysis of resistant accessions indicate 

that there was an increase in resistance in goosegrass to glyphosate. The SNP conferring resistance to 

glyphosate in Mississippi goosegrass was identical to that found in resistant goosegrass from 

Malaysia [7] and in Lolium multiflorum [11]. The levels of resistance in Mississippi goosegrass were 

similar to those found in other glyphosate-resistant goosegrass populations [5–7,9]. These results 

indicate that additional herbicide expense and changes to weed management programs may be required to 

control this goosegrass. Other mechanisms that may contribute to glyphosate resistance in goosegrass, such 

as gene amplification [12], altered transport [13,14] or vacuolar sequestration [15], have not been studied. 
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The efficacy of pendimethalin and metolachlor was 100% at the lowest rate tested (0.07 kg ha
−1

), 

indicating no cross resistance to these preemergence herbicides (data not shown). The efficacy of the 

postemergent non-glyphosate mode of action herbicides on resistant and sensitive plants was 95 and 

93% with clethodim, 98 and 98% with fluazifop-P, 100 and 100% with paraquat and 80 and 78% with 

glufosinate, respectively (Figure 4). These results indicate that although resistance to glyphosate had 

developed, there are many other herbicides available to slow the spread of this resistance. 

Figure 4. Efficacy of selected herbicide treatments applied postemergence to 5–8 cm tall 

glyphosate-resistant (R) and -susceptible (S) goosegrass plants three weeks after treatment 

(WAT). Herbicide rates are described in the text. 

 

3. Experimental  

3.1. Plant Materials 

Goosegrass seed was collected at maturity from a soybean field located in Washington County, 

Mississippi, from plants surviving three 1.1 kg ae ha
−1

 applications of glyphosate. Seeds were also 

collected from goosegrass plants growing in neighboring fields, where glyphosate had been used, and 

from several other central and eastern US locations, where glyphosate had not been used. Seed from 

the USDA-ARS campus, Stoneville, MS, served as a susceptible check. 

3.2. Plant Culture 

Seeds were planted 0.5 cm deep in commercial potting mix (Redi-earth Plug and Seedling mix, 

SUN GRO Horticulture Distribution Inc., Bellevue, WA, USA) in 9 × 9 × 9 cm pots. Plants were 

placed in a greenhouse maintained at 28/22 °C day/night temperatures without supplemental light. 

When seedlings were 1 cm in height, they were transplanted into individual pots. Plants were irrigated 

once a day and fertilized once, 5 wk after planting, with a commercial fertilizer. 
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3.3. Glyphosate Dose-Response Experiments 

Dose-response experiments were conducted to establish a level of resistance to glyphosate. 

Glyphosate (Roundup Weathermax
®
, Monsanto Company, St. Louis, MO, USA) was applied to test 

plants at the 6-leaf stage (height 7 cm) using a compressed air cabinet track sprayer (Allen Machine 

Works, Midland, MI, USA) equipped with a flat fan nozzle (8002E) delivering 187 liter ha
−1

 at  

210 kPa. Seedlings were treated with the isopropylamine salt of glyphosate at rates of 0, 0.1, 0.2, 0.4, 

0.6, 0.8, 1.7 and 3.4 kg ha
−1

. Spray solutions included 0.25% (by Volume) Induce
®
 (Helena Chemical 

Company, Collierville, TN, USA) nonionic surfactant. Controls received a treatment solution minus 

the herbicide (i.e., adjuvant only). Experiments were performed twice and had 8 replications  

per treatment. 

Individual plants that survived an application of 0.84 kg ha
−1

 were grown to maturity, and seed 

heads from each plant were harvested and kept separate. These individuals were considered to be 

accessions, and each accession was given a GG## designation. Three resistant accessions were chosen 

for further testing and designated GG14, GG16 and GG19. One accession from a sensitive population 

was designated GG15. Seedlings were established as previously described from these accessions.  

Dose-response experiments to establish a GR50 for glyphosate were conducted using a completely 

randomized design with eight replications per treatment, and the experiment was repeated.  

Seedlings were established, as previously described, from GG15, GG14, GG16 and GG19. Glyphosate 

at rates of 0, 0.2, 0.4, 0.6, 0.8, 1.3, 1.7, 2.5 and 3.4 kg ha
−1

 was applied to seedlings 15 cm in height, as 

previously described. At two weeks after treatment (WAT), plants were removed from the pots and the 

roots were discarded. The shoots were placed in paper bags, dried at 40 °C for 1 week, and dry weights  

were recorded.  

3.4. Leaf Disk Assay 

The shikimate accumulation microtiter plate assay [16] was used for shikimate determination with 

modifications in plate size and disk number to improve performance. Plants were grown as described 

above in 15 cm
2
 pots until the fourth leaf in the whorl was 20 cm in length. Only leaves, that were 

uniformly green and free of chlorotic or necrotic leaf tips, were used. From each leaf, eleven disks, 

4 mm in diameter, were cut, and disks were placed, one per well, in 100 µL of incubation buffer in  

48-well microtiter plates. This process was repeated until each well contained four disks, each from a 

different plant of the same accession. The eleven wells contained incubation buffer and glyphosate 

potassium salt at concentrations of 0, 0.5, 1, 5, 10, 50, 100, 500, 1000, 2000 and 5000 µM. There were 

four replicates of each treatment, and the experiment was repeated. 

3.5. DNA Extraction 

Genomic DNA was extracted from newly emerged leaves. Tissues were sliced into 1 mm wide 

sections, and 20 to 100 mg of tissue were homogenized with a fitted pestle in a microfuge tube 

containing 300–400 µL DNA extraction buffer pre-warmed to 65 °C. The extraction buffer was 

prepared as described by Paterson et al. [17]. After incubation at 65 °C for one hour, debris was 

removed by centrifugation for 4 min at 13,400 rpm, and 266 µL of the supernatant was transferred to a 
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fresh tube. A DNEasy Plant mini-kit (Qiagen Sciences, MD, USA) was used for the remainder of the 

procedure, beginning with step 13. DNA quantity and quality was determined by A260/A280 ratios and 

gel electrophoresis.  

3.6. Sequencing of EPSPS 

Primers were designed and designated AW1 through AW12 (Table 5) to amplify six overlapping 

500–600 bp fragments of the epsps gene based on the sequence from Malaysian goosegrass.  

Table 5. Primers used in PCR amplification of epsps. The binding site of each primer, 

relative to the Malaysian sequence (AY157642), is provided in parentheses. 

Primer Name Direction Sequence (5′ → 3′) 

AW1 Forward GCGGAGGAGGTGGTGCT (7-23) 

AW2 Reverse GCGGCTGCTTCTTATCTTGG (590-571) 

AW3 Forward GTCGAGGTGGAGCGTGCA (537-544) 

AW4 Reverse CACTCCATCAAGCACATA (1016-1033) 

AW5 Forward CGTGACTTATCGTGCATC (982-999) 

AW6 Reverse GATTTCAATCTCCACATC (1526-1543) 

AW7 Forward GCCTTGCTGATGGCTGC (1493-1509) 

AW8 Reverse GACCTGGTAAGTTTGAAC (2076-2093) 

AW9 Forward CTTGATGTGAACCCGCTC (1987-2004) 

AW10 Reverse GCAAGAGTCATGGCGACATCG (2566-2586) 

AW11 Forward CACAACGTGAGCCATTTG (2505-2519) 

AW12 Reverse GTTCTTGACGAAAGTGCTC (3094-3112) 

The template for the reactions was genomic DNA extracted from GG14, GG15, GG16 and GG19. 

Polymerase chain reactions (PCR) were performed using a TAKARA kit (Fisher Scientific, GA, USA) 

as follows: ~50 ng genomic DNA, 200 nM primers, 2.5 mM MgCl2, 400 µM dNTPs, 1 × buffer,  

2.5 units polymerase and H2O to 50 µL. Cycle conditions for reactions containing primer pairs, AW1 × 

AW4, AW7 × AW8, AW9 × AW10 and AW11 × AW12, were as follows: 94 °C for 1 min, 30 cycles 

of 94 °C for 30 s, 55 °C for 30 s, 72 °C for 1 min, 72 °C for 5 min and a 4 °C hold. The annealing 

temperature was raised to 58 °C for reactions containing primer pairs AW1 × AW2, AW3 × AW4 and 

AW7 × AW10. For reactions containing primer pairs AW5 × AW8 and AW5 × AW6, the annealing 

temperature was lowered to 52 °C. For difficult reactions, the desired fragment was amplified from a 

larger PCR product (i.e., AW1 × AW2 from AW1 × AW4). Following PCR, the fragments were 

analyzed on 1% agarose 1× TAE (0.02 M glacial acetic acid, 2 mM EDTA and 40 mM Tris base) gels, 

stained with ethidium bromide and gel purified using the GenElute
TM

 gel extraction kit (Sigma 

Aldrich, MO, USA). The concentration and quality of purified DNA fragments were assessed by 

A260/A280 ratios and gel electrophoresis.  

Gel extracted PCR products were ligated into the pCR
®
2.1 vector using a TA cloning kit 

(Invitrogen, CA, USA). Ligation reactions contained: 25 ng vector, 7 ng insert DNA, 1× ligase buffer, 

4 units of ligase and water to 10 µL. The reactions were incubated at 14 °C overnight, and then, the 

plasmids were transformed into TOP10 chemically competent cells (Invitrogen, CA, USA). TOP10 

cells were prepared according to the chemically competent cell protocol [18]. Clones were screened by 
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PCR amplification of the insert DNA. Positive clones were grown in LB media (1% tryptone, 0.5% 

yeast extract, 0.5% NaCl) with 50 µg/mL ampicillin overnight at 37 °C with shaking. These clones 

were stored as glycerol stocks at −80 °C and contained 800 µL of cell culture added to 200 µL of 80% 

glycerol. Three clones were selected for sequencing for each fragment (72 clones total). In preparation 

for sequencing, 10 µL of each culture was diluted in 500 µL of LB media containing 50 µg/mL 

ampicillin. Plasmid purification and sequence determination using M13 universal primers were 

performed by the USDA-ARS Genomics and Bioinformatics Research Unit, Stoneville, Mississippi, 

USA. Both DNA strands were covered in sequencing. 

Sequence data were analyzed using Geneious Bioinformatics Software [19] (Biomatters LTD., 

Auckland, New Zealand). Vector sequences were removed, and sequences for each genotype  

were assembled. Nucleotide and protein alignments were compared to the glyphosate-resistant  

and -sensitive goosegrass from Malaysia (AY157642 and AY157643). 

3.7. SNP Assay 

The SNP (genotyping) assay was based on propriety TaqMan
®
 Probe Gene Expression Analysis 

and real-time PCR procedures, for detecting sensitive or resistant alleles. Primers and probes (Table 6) 

for detecting differences between sensitive and resistant alleles were designed based on epsps 

sequences from GG15 and GG14, respectively. 

Table 6. Primers and probes for single nucleotide polymorphism (SNP) assay. The 

binding site of each primer, relative to the Malaysian sequence (AY157642), is 

provided in parentheses. 

Primer/Probe Sequence (5′ → 3′) 

Forward Primer GTGCAGCTCTTCTTGGGGAAT (836-856) 

Reverse Primer TCCTCCAGCAGCAGTTACG (889-907) 

Sensitive Probe ATGCGACCATTGACAG (869-884) 

Resistant Probe CAATGCGATCATTGACAG (867-884) 

Genomic DNA was isolated from goosegrass from 42 individual plants from different locations, 

including the original resistance site, as well as neighboring farms, local communities and other states. 

DNA from GG14, GG15, GG16 and GG19 were used as internal standards for the sensitive and 

resistant alleles. The SNP assay was performed in 25 µL reactions containing 12.5 µL of master mix 

assay reagent (Life Technologies cat. No. 4371353), 75 ng of template DNA in 11.25 µL H2O and  

1.25 µL of probe/primer mix (8 µM probe and 36 µM primer) per reaction. Negative controls, in which 

water was used in place of a template, were included to check for contamination. The cycle conditions 

were as follows: 60 °C for 1 min, 95 °C for 10 min, 40 cycles of 95 °C 15 s and 60 °C 1 min and  

60 °C for 1 min. DNA from sensitive, resistant and controls containing no template DNA were 

amplified in duplicate. The dyes used were VIC (R) and FAM (S) (Life Technologies). The 

fluorescence for each probe was measured using an ABI 7500 real-time PCR instrument (Foster City, 

CA, USA), and data were analyzed with ABI software. Data were plotted by using the absolute 

fluorescence of each reporter dye probe. Results were expressed in an allelic discrimination plot of the 

sensitive (C319) and resistant (T319) alleles of epsps. 
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3.8. Preemergence Herbicide Study 

A previously reported procedure [20] was used to test the response of goosegrass to preemergence 

herbicides. Pendimethalin (Prowl H2O
®
, BASF Corporation, Research Triangle Park, NC, USA) and  

s-metolachlor (Dual Magnum II
®

, Syngenta Crop Protection, Greensboro, NC, USA) were applied at 

0.07, 0.14, 0.28, 0.56 and 1.12 kg active ingredient (ai) ha
−1

.
 
The herbicides were dissolved in ethanol 

and diluted such that 0.5 mL of solution would provide the appropriate dosage rate per area. A 0.5 mL 

volume of herbicide solution was added to 100 g of a 1:1 (v:v) soil sand mixture, an amount sufficient 

to cover seeds up to 0.5 cm. When the ethanol had evaporated, the soil sand mixture was thoroughly 

mixed by shaking in a plastic bag and then was poured over the seed. Twenty seeds of GG15 and 

GG19 populations were placed in rows in 9 × 9 × 9 cm pots containing a 1:1 (v:v) mixture of Bosket 

silt clay loam soil (fine-loamy mixed, active, thermic Mollic Hapludalfs) and commercial potting soil. 

Control pots received soil mixture treated with ethanol only. Four pots were used per concentration per 

population, and the experiment was repeated. After application, the pots were placed in a greenhouse 

and subirrigated. The greenhouse was maintained at 28/22 °C day/night with natural illumination. 

Injury was scored visually 2 WAT on a scale of 0% (no control) to 100% (complete control).  

3.9. Postemergence Herbicide Study 

Clethodim (0.094 kg ai ha
−1

, SelectMax
®

, Valent USA Corporation, Walnut Creek, CA, USA), 

fluazifop (0.125 kg ai ha
−1

, Fusilade
®
 DX, Syngenta Crop Protection, Greensboro, NC, USA), paraquat 

(0.84 kg ai ha
−1

, Gramoxone Inteon
®
, Syngenta Crop Protection) and glufosinate (Ignite

®
 280 SL, 

Bayer CropScience LP, Research Triangle Park, NC, USA) were applied postemergence to resistant 

(GG19) and sensitive (GG15) plants at 5–8 cm height and percent control recorded 3 WAT. A crop oil 

concentrate (COC, Agridex
®
, Helena Chemical Company) at 1% (v/v) was added to each of the 

fluazifop and paraquat treatments. Postemergence studies were conducted in a greenhouse set to a  

16 h-photoperiod and 25/20 °C (day/night). All treatments were applied with a moving-nozzle sprayer 

equipped with 8002E nozzles delivering 140 L ha
−1

 at 240 kPa. 

3.10. Analysis 

Differences in experimental runs were analyzed in SAS [21] using PROC GLM. PROC NLIN was 

used to calculate growth reduction by 50% (GR50) and inhibition of shikimate accumulation (I50) 

estimates based on dry weight values and micrograms of shikimate [22]. Means in the postemergence 

study were compared with Fisher’s protected LSD test at p = 0.05.  

4. Conclusions 

A glyphosate-resistant goosegrass population from Washington County, Mississippi, USA, was 

determined to have a proline to serine substitution at position 106 in EPSPS. This mutation, known to 

confer resistance to glyphosate, had been reported in Malaysia a decade earlier. The distance between 

the two locations suggests the two populations evolved separately. It may be that the allele containing 

the amino acid substitution exists at very low levels within goosegrass populations, and the continuous 

use of glyphosate has selected for it. That the population has not spread and that herbicides from 
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alternative chemistries were effective at controlling the resistant population suggests that any 

glyphosate-resistant goosegrass can be readily contained. 
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