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ABSTRACT. Hemarthria compressa is one of the most important and 
widely utilized forage crops in south China, owing to its high forage yield 
and capability of adaptation to hot and humid conditions. We examined 
the population structure and genetic variation within and among 12 
populations of H. compressa in south China using sequence-related 
amplified polymorphism (SRAP) markers. High genetic diversity was 
found in these samples [percentage polymorphic bands (PPB) = 82.21%, 
Shannon’s diversity index (I) = 0.352]. However, there was relatively 
low level of genetic diversity at the population level (PPB = 29.17%, I = 
0.155). A high degree of genetic differentiation among populations was 
detected based on other measures and molecular markers (Nei’s genetic 
diversity analysis: GST = 54.19%; AMOVA analysis: FST = 53.35%). The 
SRAP markers were found to be more efficient than ISSR markers for 
evaluating population diversity. Based on these findings, we propose 
changes in sampling strategies for appraising and utilizing the genetic 
resources of this species.
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INTRODUCTION

Sequence-related amplified polymorphism (SRAP) technology, developed by Li and Quiros 
(2001), has been recognized as a new and useful molecular marker system. SRAP is based on two-
primer amplification. The primers are 17 or 18 nucleotides long and consist of a core sequence of 13 
to 14 bases long, where the first 10 or 11 bases starting at the 5'-end are a filler sequence, followed 
by the sequence CCGG in the forward primer and AATT in the reverse primer. The core sequence is 
followed by three selective nucleotides at the 3'-end of each primer (Li and Quiros, 2001). As widely 
used PCR-based markers, SRAP has advantages over other markers. SRAP can produce more reli-
able and reproducible bands compared to random amplified polymorphic DNA (RAPD), because of 
the higher annealing temperature and longer primer sequence (Zietkiewicz et al., 1994). Unlike with 
simple sequence repeats, no prior knowledge of target sequences is required for SRAP. In addition, 
the cost of SRAP is less than with amplified fragment length polymorphism (AFLP). Up to now, 
SRAP has been successfully used for the evaluation of genetic diversity (Ferriol et al., 2003; Budak 
et al., 2004; Comlekcioglu et al., 2010), genetic structure (Wang et al., 2004; Xie et al., 2005; Zhang 
et al., 2005), and map construction (Lin et al., 2003; Suenaga et al., 2005), among others. There is no 
report yet about the use of SRAP markers in Hemarthria compressa.

H. compressa (L. f.) R. Br. (whip grass) is a stoloniferous perennial tropical grass of 
the tribe Andropogonea in the family Poaceae. Whip grass is indigenous to Asian temperate 
and tropical regions (Chen and Jia, 2002), and it is one of the most important and widely uti-
lized forages in southern China, owing to its forage yield and capability of adaptation to hot 
and humid conditions. A few studies have been conducted by the Sichuan Agricultural Univer-
sity in the past 50 years, and three cultivars, ‘Guang yi’, ‘Chong gao’ and ‘Ya an’ have been 
released by the China Forage Registration Committee. ‘Guang yi’ and ‘Chong gao’ have been 
widely used in the Yangtze River and play an important role in animal husbandry and environ-
mental sustenance (Yang et al., 2004). H. compressa can also be used in turf, particularly in 
low maintenance areas. In high rainfall and sloping areas, it can be used for soil conservation 
(Yang and Zhang, 2006). H. compressa produces few seeds and has the capacity for clonal 
growth by rhizomes and stolons (Wu and Du, 1992). In southern China, there are abundant 
ecotypes of H. compressa. The morphologic differentiation and variation in AFLP patterns 
among the H. compressa populations are significant (Chen et al., 2005; Liu et al., 2006). 
Huang et al. (2008) found that there was strong genetic differentiation among H. compressa 
populations in southern China. Therefore, the objectives of the research were: 1) to check the 
genetic diversity and genetic structure of H. compressa using SRAP, and 2) to compare the 
efficiency between SRAP and ISSR markers [previous research data (Huang et al., 2008)] in 
detecting genetic variation within and between populations of H. compressa.

MATERIAL AND METHODS

Plant materials and DNA extraction

Twelve populations of H. compressa were sampled from four provinces, Sichuan 
(P1-P7), Chongqing (P8, P9), Yunnan (P10), and Guizhou (P11, P12). Twelve or thirteen 
individuals were collected randomly from each population with a minimum interval of 10 m. 
A total of 145 samples were used in this study (Table 1).
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Total DNA was extracted from approximately 0.5 g of leaf tissues using a modified 
CTAB method (Doyle, 1991). The tissues were ground to a fine powder in liquid nitrogen 
and incubated at 65°C for 60 min in 2 mL 2X CTAB isolation buffer [100 mM Tris-HCl, pH 
8.0, 1.4 M NaCl, 20 mM EDTA, 2% hexadecyltrimethylammonium bromide (CTAB), 2% 
β-mercaptoethanol]. Next, an equal volume of chloroform-isoamyl alcohol (24:1) was added, 
and tube was mixed by inversion for 10 min and centrifuged twice. The supernatant was mixed 
with about 2 mL ice-cold isopropanol and 1 mL 2 M potassium acetate to precipitate the DNA. 
The DNA was washed twice with 70% ethanol, air-dried at room temperature and resuspended 
in about 0.2 mL 0.1X TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). The quality and 
concentration of the DNA were confirmed by electophoresis on 0.8% agarose gels by compar-
ing the samples to the standardized lamba DNA size markers.

SRAP-PCR amplification

Twenty pairs of SRAP primers were used in the present study (Table 2), which 
were selected from the 228 combinations of 12 forward and 19 reverse primers. The 
primer sequences were from previous authors’ reports (Li and Quiros, 2001; Ferriol et 
al., 2003; Lin et al., 2003). The protocol for SRAP analysis was based on Li and Quiros 
(2001). Each 20-μL PCR mixture consisted of 40 ng genomic DNA, 0.2 mM dNTP, 2.5 
mM MgCl2, 0.5 μM primer, 1X PCR buffer, and 1 U Taq polymerase. Samples were sub-
jected to the following thermal profile: the first five cycles were run at 94°C for 1 min, 
35°C for 1 min, and 72°C for 1 min, for denaturing, annealing and extension, respectively. 
Next, the annealing temperature was raised to 50°C for another 35 cycles, followed by 
another extension step of 10 min at 72°C, and then followed by a 4°C holding tempera-
ture. PCR products were mixed with 5 μL loading buffer and separated on 6% denatured 
polyacrylamide gels [acrylamide-bisacrylamide (19:1), 0.5X TBE, using DL2000 as DNA 
marker. The gel was pre-run on 0.5X TBE buffer at 200 V constant voltage before the 
samples were loaded, using DYY-6C electrophoresis equipment. After loading samples, 
the gel was run at 400 V constant voltage about 1.5-2 h until the xylene cyanol had run 
2/3 the length of the gel, and the temperature was kept under 50°C to avoid breaking the 
gel-support glass. After electrophoresis, the gel was stained with AgNO3 solution (Xu et 
al., 2002), and gels were then photographed.

Population No.	 Origin (County, Province)	 Longitude (N)	 Latitude (E)	 Sample size

  P1	 Chengdu, Sichuan	 104°36'	 30°40'	 12
  P2	 Zigong, Sichuan	 104°28ꞌ	 29°14ꞌ	 12
  P3	 Hongya, Sichuan	 103°23ꞌ	 29°30ꞌ	 12
  P4	 Yaan, Sichuan	 102°59ꞌ	 29°59ꞌ	 13
  P5	 Leshan, Sichuan	 103°35ꞌ	 29°45ꞌ	 12
  P6	 Mianyang, Sichuan	 104°44ꞌ	 31°30ꞌ	 12
  P7	 Ningnan, Sichuan	 102°46ꞌ	 27°04ꞌ	 12
  P8	 Chongqing city, Chongqing	 106°32ꞌ	 29°35ꞌ	 12
  P9	 Liangping, Chongqing	 107°47ꞌ	 30°40ꞌ	 12
P10	 Qiaojia, Yunnan	 102°55ꞌ	 26°54ꞌ	 12
P11	 Dushan, Guizhou	 107°32ꞌ	 25°50ꞌ	 12
P12	 Libo, Guizhou	 107°53ꞌ	 25°25ꞌ	 12

Table 1. Geographic information of 12 populations of Hemarthria compressa.
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Data analysis

Only bands that could be unambiguously scored across all the sampled populations were 
used in this study. SRAP-amplified fragments, with the same mobility according to the molecu-
lar weight (bp), were scored manually for band presence (1) or absence (0). The resulting pres-
ence/absence data matrix was analyzed using POPGENE v. 1.31 (Yeh et al., 1999), assuming 
Hardy-Weinberg equilibrium, to estimate three genetic diversity parameters: the percentage of 
polymorphic loci (PPB), Shannon’s information index of diversity (I) and Nei’s gene diversity 
(H). The coefficient of genetic differentiation (GST) was measured following by Nei (1972); the 
genetic identity and genetic distance (GD) between populations were also computed using the 
same program (Nei, 1973). Gene flow estimates (Nm) were calculated as Nm = (1 / GST - 1) / 4.

The analysis of molecular variance (AMOVA) was used to partition the total SRAP 
variation into within-population and between-population (Excoffier et al., 1992). Variance 
components, the sum of all squared differences, and analogues of F-statistics based on Euclid-
ean distance between individuals were calculated to estimate the population differentiation, 
which was the equivalent of the Wright FST index (Wright, 1965). The input files for AMOVA 
were prepared by the aid of the DCFA1.1 program written by Zhang (2001). Dendrograms 
were constructed with a genetic identity matrix to display population relationships using the 
unweighted pair-group mean algorithm (UPGMA) of NTSYS-pc, version 2.10 (Rohlf, 1997). 
To test for correlations between genetic distances and geographic distances (in km) between 
the populations, a Mantel test was also performed with NTSYS-pc.

Marker utility is a function of information content per marker and the number 
of markers generated per assay. In this study, we employed marker index (MI), effective 
multiplex ratio (EMR), and average band informativeness (Ibav) to compare the marker 
utility of two markers. Marker index was estimated as MI = Ibav x EMR (Powell and 
Morgante, 1996). Average band informativeness (Ibav) was employed to estimate the in-
formation content per marker. Average band informativeness of a technique, with a range 

Primer	 Sequence (5ꞌ-3ꞌ)	   Primer	 Sequence (5ꞌ-3ꞌ)

me1+em6	 TGAGTCCAAACCGGTTG	     me7+em13	 TGAGTCCAAACCGGTCC
	 GACTGCGTACGAATTGCA	 	 GACTGCGTACGAATTAGC
me1+em8	 TGAGTCCAAACCGGTTG	     me7+em16	 TGAGTCCAAACCGGTCC
	 GACTGCGTACGAATTCTG	 	 GACTGCGTACGAATTTCG
me1+em13	 TGAGTCCAAACCGGTTG	     me8+em11	 TGAGTCCAAACCGGTGC
	 GACTGCGTACGAATTAGC		  GACTGCGTACGAATTCCA
me5+em8	 TGAGTCCAAACCGGAAG	     me8+em12	 TGAGTCCAAACCGGTGC
	 GACTGCGTACGAATTCTG		  GACTGCGTACGAATTATG
me5+em11	 TGAGTCCAAACCGGAAG	     me8+em18	 TGAGTCCAAACCGGTGC
	 GACTGCGTACGAATTCCA		  GACTGCGTACGAATTGGT
me5+em12	 TGAGTCCAAACCGGAAG	   me9+em4	 TGAGTCCAAACCGGTAG
	 GACTGCGTACGAATTATG		  GACTGCGTACGAATTTGA
me5+em16	 TGAGTCCAAACCGGAAG	   me9+em7	 TGAGTCCAAACCGGTAG
	 GACTGCGTACGAATTTCG		  GACTGCGTACGAATTCAA
me6+em11	 TGAGTCCAAACCGGTAA	   me9+em8	 TGAGTCCAAACCGGTAG
	 GACTGCGTACGAATTCCA		  GACTGCGTACGAATTCTG
me6+em16	 TGAGTCCAAACCGGTAA	     me9+em16	 TGAGTCCAAACCGGTAG
	 GACTGCGTACGAATTTCG		  GACTGCGTACGAATTTCG
me7+em12	 TGAGTCCAAACCGGTCC	 me12+em5	 TGAGTCCAAACCGGTCA
	 GACTGCGTACGAATTATG		  GACTGCGTACGAATTGAC

Table 2. Primers of SRAP analysis used in this study.
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from 0 to 1, was calculated as Ibav = 1/n ∑1- (2|0.5-pi|), where pi is the proportion of ac-
cessions containing the ith amplicon and n is the total number of amplicons (Milbourne et 
al., 1997; Archak et al., 2003).

RESULTS

Genetic diversity of H. compressa

A summary of the genetic data for between 12 populations and within populations 
of H. compressa is given in Table 3. Among 12 populations, 20 SRAP primers amplified 268 
clear and reproducible polymorphic bands (82.21%). The percentage of polymorphic loci (P) 
within populations ranged from 8.90% (P1) to 49.39% (P8), with an average of 29.17%. The 
Shannon’s diversity index (I) ranged from 0.0408 (P1) to 0.1617 (P8), with an average of 
0.155 at the population level, and 0.352 at the species level. The variation trend of Nei’s gene 
diversity (H) was similar to the other two diversity indices (Table 3).

	 Polymorphic bands	 PPB	 H	 I	 GST	 Nm

Between 12 populations	 268	 82.21%	 0.227	 0.352	 54.19%	 0.212
Within populations (average)	        95.17	 29.17%	 0.104	 0.155

Table 3. Analysis of genetic variation of Hemarthria compressa generated by SRAP markers.

Genetic structure of H. compressa

We found that there was significant differentiation among the populations of H. com-
pressa, using the SRAP markers. The coefficient of genetic differentiation between popula-
tions (GST, estimated by partitioning of the total gene diversity) was 54.19%, revealed by 
SRAP. Based on GST values, the estimated number of migrants per generation (Nm) between 
populations was 0.212 at the species level, revealed by SRAP.

AMOVA of the distance matrix for the 145 individuals permitted a partitioning of 
the overall variation into two levels, which provided a result similar to the POPGENE results 
(Table 4). The proportion of variation within population differences was 53.35% and the re-
mainder occurred between populations.

Table 5 shows Nei’s unbiased measures of genetic distance between 12 populations of 
H. compressa. The data of SRAP markers revealed that genetic variation between population 
2 and population 12 was most significant (0.29), and the average genetic distance was 0.163.

Source of variation	 d.f.	 SSD	 MSD	 Variance component	 Total variance (%)	 P values

Between populations	   11.00	 3057.71	 277.97	 21.45	 53.35%	 <0.001
Within populations	 133.00	 2494.49	   18.76	 18.75	 46.65%	 <0.001
Total	 144.00	 5552.20

Table 4. Analysis of molecular variance for 12 populations of Hemarthria compressa.

d.f. = degrees of freedom; SSD = sum of squared deviations; MSD = mean squared deviation.

PPB = percentage polymorphic bands; H = Nei’s gene diversity; I = Shannon’s diversity index; GST = coefficient of 
genetic differentiation; Nm = gene flow estimates.
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	 P1	 P2	 P3	 P4	 P5	 P6	 P7	 P8	 P9	 P10	 P11	 P12

P1
P2	 0.06
P3	 0.05	 0.08
P4	 0.12	 0.12	 0.10
P5	 0.17	 0.14	 0.14	 0.09
P6	 0.15	 0.15	 0.13	 0.11	 0.10
P7	 0.19	 0.18	 0.16	 0.14	 0.11	 0.09
P8	 0.19	 0.18	 0.17	 0.15	 0.12	 0.10	 0.09
P9	 0.25	 0.23	 0.23	 0.20	 0.17	 0.17	 0.17	 0.07
P10	 0.27	 0.27	 0.24	 0.22	 0.18	 0.16	 0.14	 0.10	 0.12
P11	 0.26	 0.26	 0.26	 0.20	 0.15	 0.15	 0.13	 0.12	 0.14	 0.11
P12	 0.28	 0.29	 0.28	 0.24	 0.22	 0.16	 0.17	 0.16	 0.20	 0.15	 0.08

Table 5. Nei’s (1978) unbiased genetic distance between 12 populations of Hemarthria compressa generated by SRAP.

Cluster analysis

A cluster analysis (UPGMA) was used to generate a dendrogram based on the genetic 
identity of SRAP (Figure 1) between 12 populations. In Figure 1, 12 populations were separated 
into two main clusters. Cluster 1 comprised all 7 populations (P1 to P7) collected from Sichuan. 
The others composed the cluster 2. In cluster 2, two populations from Guizhou (P11, P12) and 
two populations from Chongqing (P8, P9) clustered together. ������������������������������The dendrogram ���������������shows some����� evi-
dence in accordance with geographic distribution of H. compressa. The correlation coefficient 
of between genetic distance based on SRAP and geographic distance was poor (r = 0.721).

Figure 1. UPGMA-derived dendrogram showing the clustering of the 12 populations of Hermathria compressa 
based on the genetic identity of Nei (1973).

Comparison of marker utility of ISSR and SRAP

ISSR and SRAP items about marker utility are given in Table 6. In this study, the 
ISSR and SRAP surveys between 12 populations of H. compressa revealed 86.21 and 
82.21% polymorphic bands, respectively, which showed that the two molecule marker 
systems had similar discriminating power. Ibav of ISSR and SRAP was similar (0.32 and 
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0.34, respectively). However, EMR and the numbers of markers generated by each primer 
of ISSR (10.42 and 12.08, respectively) were lower than that of SRAP (13.40 and 16.30, 
respectively). MI, a synthetic index, was used to evaluate the efficiency of different molecule 
marker systems, which depends upon both the Ibav and number of markers generated by 
each primer. In this study, MI of SRAP (4.51) was higher than that of ISSR (3.36). Therefore, 
SRAP was more efficient than ISSR in genetic diversity research of H. compressa. The 
correlation between the matrices of genetic distance values based on ISSR and RAPD data 
was poor (r = 0.654).

Item	  ISSR	 SRAP

No. of primers	   12.00	   20.00
No. of total loci	 145.00	 326.00
No. of average loci per primer	   12.08	   16.30
Percentage of polymorphic bands (PPB)	      86.21%	       82.21%
Average band informativeness (Ibav)	    0.32	     0.34
Effective multiplex ratio (EMR)	  10.42	   13.40
Marker index (MI)	    3.36	     4.51

Table 6. Comparison of usefulness between ISSR and SRAP.

DISCUSSION

High genetic diversity of H. compressa

In the present study, high genetic diversity was observed by SRAP at the H. compressa 
species level. This result is similar to that of previous studies on H. compressa. At the morpho-
logic level, Cheng et al. (2005) found a rich variation in the morphology of H. compressa. The 
rich genetic diversity (PPB = 88.60%) between populations of H. compressa was also revealed 
using AFLP markers (Liu et al., 2006, Huang et al., 2008). Compared with other clonal plants, 
such as Psammochloa villosa (PPB = 70.5%) (Li and Ge, 2001); Monimopetalum chinese (P 
= 36.36, I = 0.183) (Xie et al., 2005), H. compressa harbored richer genetic diversity. There 
are many reasons for the high genetic diversity in clonal plants, such as reproductive mode, 
geographic distribution, habit, dispersal, and population history (Xia et al., 2002). As to H. 
compressa, the main reason could be that this species shows habitat diversity and is widely 
distributed in southern China (Yang et al., 2004; Chen et al., 2005).

Genetic differentiation between populations of H. compressa

In this study, a high level of genetic differentiation was detected by SRAP markers 
using different approaches (GST and AMOVA) in H. compressa. The result was similar to that 
of a previous study in H. compressa (Huang et al., 2008) and some other clonal plants. Xie et 
al. (2005) revealed strong genetic differentiation between populations (GST = 49.06%) in M. 
chinense. Han et al. (2007) found 50.47% (based on AMOVA) of the genetic diversity resid-
ing between populations of Nelumbo nucifera, an aquatic plant, using ISSR markers. The high 
differentiation of H. compressa may be ascribed to its reproduction system. H. compressa 
produces few seeds because of low rates of seed bearing and seed germination (Wu and Du, 
2000; Yang et al., 2004), and reproduces mainly through its rhizomes and stolons. As to such 
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kind of species, the main resource of low gene flow is water and animals (Wu and Du, 1992), 
and the estimated gene flow of H. compressa (Nm = 0.264) is low. The levels of gene flow 
calculated here are of insufficient magnitude to counter-balance genetic drift, which may also 
play a role in the population differentiation observed. Lack of effective mechanisms for long-
distance dispersal of genetic materials may also play an important role in shaping the genetic 
structure observed (Wallace, 2002). Furthermore, habitat fragment caused by human action 
also contributes to genetic differentiation. The high degree of genetic differentiation between 
populations of H. compressa may be one reason for the poor correlations between geographic 
distance and genetic distance generated from different marker techniques.

Comparison of ISSR and SRAP data

In this study, although, ISSR and SRAP had the great and similar discriminating power 
and could accurately detect the partition of genetic diversity within and between populations 
of H. compressa, SRAP showed more advantages than ISSR. First, SRAP was more efficient 
than ISSR in genetic diversity research of H. compressa, for the MI of SRAP (4.51) was higher 
than that of ISSR (3.36). The great efficiency was mainly ascribed to more bands amplified per 
primer. Furthermore, SRAP resolved more genetic differentiation between 12 populations of H. 
compressa because of the GST and AMOVA detected by �������������������������������������ISSR and ����������������������������SRAP. Additionally, the cor-
relation coefficient between genetic distance based on SRAP and geograhpic distance was higher 
than that of ISSR. Lastly, the dendrogram of SRAP showed some evidence in accordance with 
the geographic distribution of H. compressa, but the dendrogram of ISSR did not. Therefore, as a 
novel molecule marker, SRAP has great potential in genetic diversity research of H. compressa.

In the present study, the correlation between genetic distance values generated from 
different marker techniques was poor (r = 0.654), and clustering of populations within groups 
was not very similar when ISSR- and SRAP-derived dendrograms were compared. These dif-
ferences may be explained by the following. 1) Different DNA segments are targeted by the 
two methods. The inter-simple sequence repeats are regions lying within the microsatellite 
repeats, while the target locus of SRAP are mainly in open reading frame regions (Zietkiewicz 
et al., 1994; Li and Quiros, 2001��������������������������������������������������������). 2) Genomic regions sampled by the ISSR and ����������SRAP �����mark-
ers maintain a different evolutionary process under selection. 3) Numbers of loci studied and 
their coverage of the overall genome are important in obtaining reliable estimates of genetic 
relationships between populations and within population (Loarce et al., 1993).

CONCLUSION

As two dominant DNA markers, ISSR and SRAP are promising marker systems for 
detecting genetic variation. Furthermore, SRAP is superior to ISSR in terms of its efficiency 
and the reproducibility.

A better understanding of the extent and patterns of genetic diversity of H. compressa 
in southern China is essential for its conservation and utilization. It will help us in determining 
the strategy for the protecting and sampling management of H. compressa. The results from this 
study show that there is a high level of genetic diversity between populations but a low level 
genetic variation within population. Thus, when we are sampling plant breeding materials, we 
should sample as many populations as possible to get enough diversity of H. compressa.
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