Characterization of 21 microsatellite markers from cogongrass, Imperata cylindrica (Poaceae), a weed species distributed worldwide1 
Yu-Chung Chiang1, Chi-Chu Tsai2, Tsai-Wen Hsu3, and Chang-Hung Chou4,5
1Department of Biological Sciences, National Sun Yat-sen University, Kaohsiung 804, Taiwan.

2Kaohsiung District Agricultural Improvement Station, Pingtung 900, Taiwan.

3Endemic Species Research Institute, Nantou 552, Taiwan
4Research Center for Biodiversity, China Medical University, Taichung 404, Taiwan.
5Corresponding author: choumasa@mail.cmu.edu.tw 
ABSTRACT

Microsatellite loci were developed from Imperata cylindrica, a traditional medicinal herb in Asia and among the top-ten worst invasive weeds in the world, to aid in the identification of the limits of asexual clonal individuals. A total of 21 microsatellite markers, including 18 polymorphic and three monomorphic loci, were developed from Imperata cylindrica using a magnetic bead enrichment protocol. The primers amplified dinucleotide, trinucleotide, and complex repeats. The number of alleles ranged from 1 to 19 per locus, with an observed heterozygosity ranging from 0.09 to 1.00. Several loci deviated significantly from the within-population Hardy–Weinberg equilibrium as a result of asexual clonal reproduction. These polymorphic markers should be useful tools in further studies on the identification of the range of clonal reproduction units and the selection and classification of the medicinal cultivar.
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中文摘要
白茅是亞洲的傳統草藥，亦是世界上名列前十大嚴重外來入侵雜草，可以以根莖進行無性生殖以達到快速拓展其生存區域，發展白茅專用微衛星體積基因座可以有效作為識別白茅無性繁殖隻個體鑑定與族群遺傳相關分析。利用磁珠富集法流程發展出21組微衛星體分子標誌，包含18組多型性和3組單型性微衛星體基因座。此21組微衛星體基因座的重複片段包含二核苷酸、三核苷酸、複合型重複片段，對偶基因數目範圍由1至19，異基因合子實際值範圍由0.09至1。在18組多型性微衛星體基因座中有7組偏離哈弟溫伯格平衡定律，推測此現象是由其無性的拓殖生殖方式所造成之現象。這些多型性微衛星體分子標誌在未來可以作為鑑定白茅拓殖生殖範圍研究與作為醫用栽植品系的篩選與鑑定使用。
關鍵字：拓殖生殖方式、界分無性繁殖單位、白茅、微衛星體基因座

INTRODUCTION

Imperata cylindrica (L.) P. Beauv., also called cogongrass, a traditional medicinal plant in Asia, is a widespread grass and is among the top-ten worst invasive weeds in the world (Holm et al. 1977). Traditionally, I. cylindrica is a Chinese herb used to stop bleeding, as an expectorant and as an anti-fever and anti-inflammation agent. Recently, several products isolated from cogongrass exhibited medicinal properties (Pinilla and Luu, 1999), including anti-cancer, platelet aggregation inhibition, and hepato-protective activities. Due to its asexual clonal reproduction, cogongrass spreads rapidly and forms monodominant grasslands that replace a large variety of native plant species. Recently, several natural products purified from the rhizome and root could inhibit other plant species (Xuan et al. 2009), allowing cogongrass to spread rapidly by clonal reproduction. Based on its survival strategies, cogongrass is one of the most problematic weeds in the world: cogongrass can adapt to several stressful environmental conditions, including high saline, drought, flooding, and heavy metal-pollution, and can develop new ecotypes to survive in extreme environments by morphological, physiological, and molecular modification (Cheng and Chou 1997). In the past two decades, several dominant markers, including restriction fragment length polymorphism (RFLP), rapid amplify polymorphic DNA (RAPD), and single nucleotide polymorphism (SNP) of ribosomal DNA (rDNA), were used to identify different ecotypes from different extreme environments in Taiwan (Cheng and Chou 1997; Chiang et al. 1999). However, no molecular study has been conducted to evaluate the range of clonal growth and identify distinct asexual reproduction units in cogongrass. For this purpose, microsatellite fingerprinting is the best tool currently available to identify the range of asexual reproduction units. However, microsatellite markers for I. cylindrica are still unavailable. Thus, we developed a set of microsatellite markers to investigate the genetic diversity and detect the range of clonal individuals. 
METHODS AND RESULTS

Imperata cylindrica samples were collected from five different populations, including two populations from Taiwan (Zhuwei, Northern Taiwan; Orchid Island, a small islet in Southeastern Taiwan), one population from Japan (Ishigaki Island, a small islet in Southern Japan), and two populations from China (Yilian, Southwestern China; Qiongzhong, a county on Hainan Island, Southern China) (Appendix 1). Voucher specimens were deposited in the Herbarium of Taiwan Endemic Species Research Institute (TAIE) and are listed in Appendix 1. Genomic DNA was extracted from silica-dried leaves using the protocol from the Plant Genomic DNA Miniprep System Kit (Viogene, Taipei, Taiwan). The isolation procedure for microsatellite loci was based on a modified amplified fragment length polymorphism (AFLP) PCR procedure to construct a fragment genomic DNA library (Zane et al. 2002) and a magnetic bead enrichment method to enrich the microsatellite loci from the fragment genomic DNA library (Chiang et al. 2011). The enriched microsatellite library was cloned directly using the commercial system of the pGEM®-T Easy Vector System (Promega, Madison, Wisconsin, USA) and propagated in competent cells. The plasmids containing the fragment DNA of the enriched microsatellite library were purified using Gene-SpinTM-V2 (Protech Technology, Taipei, Taiwan). A total of 200 selected plasmids were purified and subsequently sequenced in both directions using standard protocols with 300 ng plasmid DNA and the ABI BigDye3.1 Terminator Cycle Sequencing Kit (Applied Biosystems, California, USA). The signals were detected using the ABI PRISM® 3700 DNA Automated Sequencer. For sequencing, SP6 and T7 primers (pGEM-T Easy Vector sites) were used for amplification. We confirmed 42 microsatellite loci from 200 selected sequences using Tandem Repeats Finder version 4 (Benson 1999), and 30 sequences displayed perfect repeats and flanking sequences for the design of specific primer pairs. Thirty specific primer pairs for the microsatellite markers were designed on the flanking sequences of the microsatellite loci using FastPCR software version 5.4 (Kalendar 2009), with the following specific parameter settings: a PCR product size range from 100 to 350 bp, an optimum annealing temperature of 55°C, and a GC content ranging from 40 to 60%. To evaluate the optimal annealing temperature, one individual from each population was selected. A gradient PCR procedure was performed using an initial denaturation step of 94°C for 5 min, followed by 30 cycles of 94°C for 40 s, 48-65°C for 60 s, and 72°C for 60 s, and a final extension of 72°C for 10 min using the Labnet MultiGene 96-well Gradient Thermal Cycler (Labnet, Edison, New Jersey, USA). The reactions consisted of a total volume of 20 μL, with 20 ng genomic DNA, 5 pmoles forward and reverse primers, 2 μL 10X reaction buffer, 2 mM dNTP mix, 2 mM MgCl2, and 0.5 U of Taq polymerase (Promega). The PCR products were separated on 1% agarose gels to evaluate the optimal annealing temperature (Ta). In total, 21 of the primer pairs amplified perfect PCR products from 30 microsatellite markers, as listed in Table 1. To screen for polymorphisms of the 21 microsatellite markers in cogongrass, a total of 94 individuals from five populations were examined (Appendix 1). The microsatellite loci were amplified by PCR using the same procedure for the evaluation of the optimal annealing temperature. The microsatellite markers were amplified using the optimal annealing temperatures (Ta) listed in Table 1, and the amplicons were separated using 10% polyacrylamide gel electrophoresis (Acrylamide: Bisacrylamide 29:1, 80 V for 14-16 hours) using a 25 or 50 bp DNA Step Ladder (Promega) to determine the allele size. The sizes of the amplicons were detected and analyzed using Quanity One v 4.62 (Bio-Rad Laboratories, California, USA). In total, 18 of the 21 microsatellite loci were polymorphic and are listed in Table 1 for future studies on the identification of the range of clonal reproduction units.
Genetic variation indices, including the number of alleles (NA), the number of effective alleles (Ne), the observed and expected heterozygosity (HO and HE), and Hardy-Weinberg equilibrium (HWE) were estimated using GenAlEX version 6 (Peakall and Smouse, 2006). The results of the above estimations for the polymorphic loci are summarized in Table 2. Among these 18 polymorphic loci, the NA and Ne ranged from 2 to 19 and from 1.64 to 12.30, respectively. As shown in Table 2, the HO and HE ranged from 0.09 to 1.00 and from 0.39 to 0.91, respectively. Within populations, 4, 3, 4, 4, and 7 of the microsatellite loci deviated significantly from Hardy-Weinberg equilibrium in the Jhuwei, Orchid Island, Ishigaki Island, Yiliang, and Qiongzhong populations, respectively, as a result of asexual clonal reproduction.
CONCLUSIONS

Twenty-one microsatellite loci, including 18 polymorphic and three monomorphic loci, are characterized in five populations of cogongrass from different habitats. The high percentage of polymorphisms in these microsatellite markers is a useful tool for future population structure and clonal reproduction studies. 
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Table 1. Primer list for 21 microsatellite loci from Imperata cylindrica. 

	Locus
	
	Primer sequence (5' - 3')
	Repeat motif
	Allelic size (bp)
	Ta (℃)
	Poly/Monomorphic
	GenBank Accession No.

	Im6
	F:
	TAGACCCAAACGCCCAACAG
	(TC)17
	154-190
	65℃
	Polymorphic
	HE775088

	
	R:
	TCGTCGAGACCACTGTGTGC
	
	
	
	
	

	Im17
	F:
	AATTGCTTCAAGTGATGAGCTG
	(AGAGAAGG)2N(AG)23
	290-338
	59℃
	Polymorphic
	HE775089

	
	R:
	CCTTTTCCTTCTCCCTTAGAGC
	
	
	
	
	

	Im18
	F:
	GGAAGATCTCGCCGGAATC
	(ATTG)4
	144-148
	59℃
	Polymorphic
	HE775090

	
	R:
	TGTGTCAAAGATCTCGGGCT
	
	
	
	
	

	Im20
	F:
	GCATGTTTGGTGCAAACGA
	(GA)10
	213-240
	54℃
	Polymorphic
	HE775091

	
	R:
	GGTGCCAGTTCAAACCCTGTG
	
	
	
	
	

	Im21
	F:
	CTTCGACACTGAAGCCCTCGT
	(CTT)10
	140-148
	52℃
	Polymorphic
	HE775092

	
	R:
	AGGCAGACTTCGGCATCTTCG
	
	
	
	
	

	Im28-1
	F:
	GATACGAAGAGCCAACAGCA
	(TC)19(TG)11(TC)5
	240-278
	62℃
	Polymorphic
	HE775093

	
	R:
	TTCACCTTGGCAGAACTGG
	
	
	
	
	

	Im29
	F:
	TTTAGCTGCCCCAAGAAGC
	(GA)17
	224-258
	54℃
	Polymorphic
	HE775094

	
	R:
	CATGGCCAGTTTTTTCCCTCTCT
	
	
	
	
	

	Im30
	F:
	CCAATGGTTCACTTCTCAGGGA
	(CT)19
	228-264
	52℃
	Polymorphic
	HE775095

	
	R:
	TGCATCCAGTGCAGGCATC
	
	
	
	
	

	Im31
	F:
	ATCCAAAGATGTGCTAGCCC
	(TG)10
	244-276
	54℃
	Polymorphic
	HE775096

	
	R:
	GGTAAGACTCCGTGTGAACA
	
	
	
	
	

	Im34
	F:
	TTCAACAAGCGTCATTCAGC
	(TG)9
	216-256
	65℃
	Polymorphic
	HE775097

	
	R:
	TGGGAGACACAGACAGTCA
	
	
	
	
	

	Im36
	F:
	GTCTGTGGCTTGCTCGTTCCCA
	(CT)15(CA)13
	266-324
	50℃
	Polymorphic
	HE775098

	
	R:
	ACAAAGGACTGCTGAACTGAGC
	
	
	
	
	

	Im41
	F:
	AGGCGGGAAAATGCAACCT
	(TC)20
	170-224
	59℃
	Polymorphic
	HE775099

	
	R:
	ACCGACACGAATTCTCGTCTGA
	
	
	
	
	

	Im46-1
	F:
	TGTTGTTAGTGGTGACAAGC
	(GA)10(TA)4N(TG)7
	252-300
	59℃
	Polymorphic
	HE775100

	
	R:
	ATGGGATGGGGATGTTGGA
	
	
	
	
	

	Im54-1
	F:
	CGGCACCTATTGAAGCCTCCT
	(AG)17
	234-334
	57℃
	Polymorphic
	HE775101

	
	R:
	CCTCTCTGCCTAACAACGGCATG
	
	
	
	
	

	Im55
	F:
	CGGCACCTATTGAAGCCTCCT
	(AG)17
	112-154
	57℃
	Polymorphic
	HE775102

	
	R:
	CCTCTCTGCCTAACAACGGCATG
	
	
	
	
	

	Im58
	F:
	GATGTGAATCCAACCAAGAGTG
	(GA)11
	136-150
	65℃
	Polymorphic
	HE775103

	
	R:
	GCTGTTTTGAGGGCAGTCT
	
	
	
	
	

	Im66-1
	F:
	GGTACAACTTGGTCGCAGAC
	(CA)18
	116-132
	59℃
	Polymorphic
	HE775104

	
	R:
	TCTTACGCACCGGAGGCAGAGA
	
	
	
	
	

	Im71
	F:
	TTTCAGCAGCAGGGTCATGG
	(TC)12
	94-128
	62℃
	Polymorphic
	HE775105

	
	R:
	CCCAATCAACACCTTCAATGC
	
	
	
	
	

	Im53-1
	F:
	GATTCTCACAGTTGCTGCCA
	(CA)15
	271
	52℃
	Monomorphic
	HE775106

	
	R:
	TTCGAAAACCGCCCATTGA
	
	
	
	
	

	Im66
	F:
	GAACATGCAGAAGAGCTGC
	(ACAT)5N(GA)25
	344
	59℃
	Monomorphic
	HE775107

	
	R:
	ACTTATCTAGCGGTGGCGT
	
	
	
	
	

	Im68
	F:
	ATCCTGTACCATAGTGGTAGGGA
	(TG)14
	204
	52℃
	Monomorphic
	HE775108

	
	R:
	CCATAGAGAAAGTGGTGGCTAAG
	
	
	
	
	


Ta, optimized annealing temperature.

Table 2. Average genetic diversity for five populations of Imperata cylindrica based on the 18 newly developed polymorphic microsatellite markers.

	             
	Jhuwei
	Orchid Island
	Ishigaki Island

(N = 17)
	Yiliang
(N = 23)
	Qiongzhong
(N = 23)

	
	(N = 28 )
	(N = 23 )
	
	
	

	Locus
	Na
	Ne
	HO
	HE
	Na
	Ne
	HO
	HE
	Na
	Ne
	HO
	HE
	Na
	Ne
	HO
	HE
	Na
	Ne
	HO
	HE

	Im6
	4
	3.29
	0.57
	0.70
	3
	2.63
	0.52
	0.62
	4
	3.11
	0.59
	0.68
	4
	2.43
	0.61
	0.59
	4
	3.08
	0.70
	0.68

	Im17
	7
	6.03
	0.79
	0.83
	10
	6.61
	0.96
	0.85
	6
	3.59
	0.41
	0.72*
	7
	5.16
	0.83
	0.81
	7
	5.29
	0.57
	0.81*

	Im18
	3
	2.09
	0.39
	0.52
	3
	2.33
	0.39
	0.57
	3
	2.77
	0.59
	0.64
	3
	2.14
	0.48
	0.53
	3
	2.79
	0.52
	0.64

	Im20
	5
	2.49
	0.50
	0.60
	5
	3.04
	0.48
	0.67
	4
	2.28
	0.47
	0.56
	5
	3.10
	0.43
	0.68
	5
	2.90
	0.39
	0.66*

	Im21
	3
	2.18
	0.39
	0.54
	3
	1.71
	0.35
	0.42
	2
	2.00
	0.41
	0.50
	3
	2.23
	0.43
	0.55
	3
	1.68
	0.26
	0.40

	Im28-1
	8
	6.35
	0.64
	0.84*
	4
	2.23
	0.39
	0.55
	2
	1.94
	0.24
	0.48*
	7
	5.16
	0.61
	0.81*
	7
	5.34
	0.48
	0.81*

	Im29
	6
	4.42
	0.57
	0.77
	6
	3.70
	0.70
	0.73
	6
	2.92
	0.65
	0.66
	5
	3.55
	0.61
	0.72
	7
	5.26
	0.65
	0.81

	Im30
	6
	4.53
	0.68
	0.78
	5
	3.51
	0.52
	0.72
	5
	3.88
	0.59
	0.74
	7
	5.69
	0.52
	0.82
	7
	4.10
	0.61
	0.76

	Im31
	7
	5.26
	0.32
	0.81*
	7
	4.07
	0.61
	0.75*
	6
	3.23
	0.65
	0.69*
	5
	3.81
	0.00
	0.74*
	6
	3.92
	0.09
	0.74*

	Im34
	4
	3.69
	0.50
	0.73
	4
	2.56
	0.65
	0.61
	4
	2.36
	0.47
	0.58
	6
	2.26
	0.52
	0.56
	3
	2.60
	0.43
	0.62

	Im36
	18
	11.70
	0.29
	0.91*
	12
	7.95
	0.78
	0.87*
	13
	10.14
	0.65
	0.90*
	11
	7.84
	0.22
	0.87*
	14
	10.37
	0.48
	0.90*

	Im41
	15
	8.86
	0.89
	0.89
	9
	5.48
	0.65
	0.82
	8
	5.67
	0.88
	0.82
	13
	9.80
	0.87
	0.90
	15
	9.98
	0.83
	0.90

	Im46-1
	6
	3.37
	0.29
	0.70*
	3
	1.98
	0.04
	0.49*
	3
	2.08
	0.59
	0.52
	8
	3.26
	0.26
	0.69*
	3
	2.26
	0.22
	0.56*

	Im54-1
	15
	8.81
	0.82
	0.89
	9
	5.91
	0.91
	0.83
	13
	9.48
	0.88
	0.89
	19
	12.30
	1.00
	0.92
	19
	11.02
	0.74
	0.91

	Im55
	8
	4.57
	0.68
	0.78
	8
	5.21
	0.91
	0.81
	6
	4.35
	0.71
	0.77
	12
	7.67
	0.96
	0.87
	12
	8.97
	0.78
	0.89

	Im58
	6
	4.87
	0.61
	0.79
	5
	4.64
	0.78
	0.78
	4
	2.27
	0.65
	0.56
	4
	3.36
	0.65
	0.70
	6
	2.84
	0.57
	0.65

	Im66-1
	4
	2.34
	0.43
	0.57
	3
	1.83
	0.30
	0.45
	2
	1.84
	0.35
	0.46
	6
	3.13
	0.09
	0.68*
	3
	2.16
	0.00
	0.54*

	Im71
	11
	8.43
	0.82
	0.88
	3
	1.64
	0.26
	0.39
	7
	4.35
	0.88
	0.77
	5
	2.84
	0.57
	0.65
	7
	5.54
	0.61
	0.82


Na, number of alleles; Ne, number of effective alleles; HO, observed heterozygosity; HE, expected heterozygosity.
* Deviation from Hardy-Weinberg equilibrium: P < 0.05. 

Appendix 1. Information on voucher specimens deposited in the Herbarium for five populations of Imperata cylindrica.

	Population 
	Locality
	Longitude
	Latitude
	N
	Voucher Specimens Number
	Herbarium

	Jhuwei
	Taipei, Northern Taiwan
	E 121°26’36.80”
	N 25°10’01.55”
	28
	Hsu 17210
	TAIE

	Orchid Island
	Taitung, SouthernTaiwan
	E 121°34’34.63”
	N 22°00’44.89”
	23
	Hsu 17212
	TAIE

	Ishigaki Island
	Ryukyu, Southern Japan
	E 124°20’18.93”
	N 24°36’15.18”
	17
	Hsu 17211
	TAIE

	Yiliang
	Yunnan, Shouthwestern China 
	E 103°49’30.35”
	N 27°28’22.38”
	23
	Hsu 17053
	TAIE

	Qiongzhong
	Hainan Island, Southern China
	E 109°51’07.22”
	N 19°01’49.11”
	23
	Hsu 17213
	TAIE


