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The effects of habitat fragmentations on the forage grass Leymus thinness (Trin.) Tzvel, which has high 
genetic diversity in northeast China were investigated. Four natural populations of the same ecotype 
(Grey-green leaf, GGL), namely, BT, ZL, CL and CC (named after location) were collected from different 
abiotic growing conditions. The CC population has become isolated in a park inside a city by tall 
buildings though geologically close to CL. Amplified fragment length polymorphism (AFLP) selected 
primer combinations were highly efficient in revealing the inter-clonal and inter-populational genetic 
variation in this species. The genetic diversity indices were higher in BT (H = 0.2305) and ZL (0.2467) 
populations and the lowest in CC (0.1674) population. Cluster analysis showed that the CC population 
was becoming isolated from the rest with the least gene flow from BT (1.51) as compared from BT to ZL 
(2.24). Lowest polymorphism was observed in CC (52.31%) as compared to CL (57.69%), BT (70.00%) 
and ZL (70.38%); this showed a tendency towards homogenization probably due to increased selfing, 
and due to reduced gene flow apparently caused by city buildings. These results were supported by 
multiple statistical analyses including Mantel’s test, PCOORDA and AMOVA. Genetic enrichment and 
epigenetic variation studies can be included in habitat fragmentation analysis and its implications in 
inducing homogenization and susceptibility in natural plant populations. 
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INTRODUCTION 
 
One of the broadly distributed perennial and rhizome 
propagating species in the Songnen plain in the northeast 
of China is Leymus chinensis (Trin.) Tzvel. [Syn. Aneuro-
lepidium chinensis (Trin.) Kitag]. It is a constructive 
dominant species which grows across diverse soils and 
climatic conditions (Jia, 1987; Zhou and Yang, 2003a). 
The Songnen plain is a grazing field and has been expe-
riencing an impact of human population and climatic 
changes at both local and global scales. This has caused 
severe soil degradation and vegetation deterioration. 
Hence there is a daring need of ecological renovation to 
sustain the former ecosystem dynamism in the area. The 
L. chinensis holds a special promise  as  a  suitable  plant 
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species candidate for this ecological renovation hence a 
timely understanding and utilization of its genetic varia-
bility and adaptability can be used as a stepping stone in 
identifying germplasms that can be used in the search of 
new ecotypes with novel genes which can also be incor-
porated in crop, fodder and cover tree improvement pro-
grams in other similar reclaimable ecological zones. A 
considerable genetic variability within or between natural 
populations provides a genomic flexibility that can used 
as a raw material for plant adaptation as pioneer species. 
This is because low genetic variability often reduces the 
capacity to adapt to changing environmental conditions 
(Ellstrand and Elam, 1993) and hence an inability to cope 
with abiotic and biotic stresses (Valen, 1965). The pattern 
and spectrum of genetic variations within or between 
plant populations can be compared and analyzed using 
molecular genetic tools (Madan et al., 2002; Reisch et al., 
2005). One of the most precise, cost effective polymerase 



 
 
 
 

 
 
Figure 1. Distribution of the geographic localities of the four L. 
chinensis natural populations across the Songnen Plain in 
Northeast of China., the specific coordinates of each collection 
site is indicated.  

 
 
 
chain reaction (PCR) based ecological tool for molecular 
analysis of such population genetic diversity analysis is 
the AFLP (amplified fragment length polymorphism) (Vos 
et al., 1995; Bensch, and Akesson, 2005) since it has 
been highly informative, reliable and efficient tool in other 
grass investigations (Fjellheim and Rognli, 2005). Earlier 
studies using random amplification of polymorphic DNA 
(RAPD) and AFLP molecular markers showed relatively 
high genetic variations and differentiations among the 
populations in the area, and a significantly positive corre-
lation between genetic differentiation and geographic dis-
tance among the populations. The level of genetic dif-
ferentiation was most likely affected by more than one 
ecological factor, and the genetic variation in a small 
geographic region was determined by the environmental 
heterogeneity (Liu et al., 2004). Natural mutation, artificial 
selection etc, combined together with ecological factors 
could have made L. Chinensis to differentiate into various 
ecotypes (Liu et al., 2002). Self-incompatibility in this 
species contributes to evident genetic differentiation 
together with the environment habitat selection pressure 
coupled with low levels of gene flow (Gong et al., 2007). 
Its habitat revegetation is influenced by artificial selection, 
habitat selection pressure, environmental heterogeneity, 
genetic differentiation and diversity which are related to 
the wind-mediated dispersal of pollen and seed transport 
via migrating birds (Liang et al., 2007). 

The natural populations of L. chinensis in the  Songnen  
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Plain have evolved two easily recognizable phenotypes 
which are hereby indicated as; grey-green leaf (GGL) and 
yellow-green leaf (YGL). These have adapted to con-
trasting ecological habitats with the GGL type often thri-
ving in eroded and highly stressful alkaline/saline mea-
dows of pH 8.5 to 9.5) while the YGL grows only in 
normal edaphic conditions of pH < 8.0 (Zhou and Yang, 
2003b). In this study, AFLP data of four populations of 
the same ecotype (GGL) indicated as BT, ZL, CL and CC 
were analyzed. The CC ecotype which was found in the 
south of the Songnen plain in a park inside the city of 
Changchun and surrounded by tall buildings besides a 
man-made lake, was found to have differentiated 
separately from the other ecotypes. The ZL and CL grew 
in saline/alkaline (pH 8.5 to 9.5) conditions and Cluster 
analysis grouped them together indicating that some 
genetic or epigenetic changes could have been triggered 
by the abiotic stress along side the other barriers. The 
analysis also showed that physical or biological distances 
had a key role in determining the level of gene flow bet-
ween ecotypes and that habitat fragmentation causes 
genetic differentiation and homogenization in a species. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
Distinct forty eight clones (twelve clones from each population) of L. 
chinensis belonging to the same ecotype (grey-green leaf, GGL) 
were randomly selected from four different natural populations, 
which included CC, BT, ZL, and CC (named after locality) and dis-
tributed at the certain geographic range with different degrees of 
the soil pH values in the Songnen Plain in northeast China (Figure 
1). Two populations, CC and BT, were growing in normal soil with 
lower average soil pH values about 7.0, although the CC was grow-
ing in the centre of the city surrounded by tall buildings. The two 
populations, ZL and CL were growing respectively in alkaline/saline 
wet land and meadows with higher average soil pH values ranging 
from 8.5 to 9.5. 
 
 
DNA isolation and AFLP amplification 
 
Growing young green expanded leaves were taken from the 
selected clones for DNA extraction. Genomic DNA was isolated by 
a modified CTAB method (Kidwell and Osborn, 1992), and purified 
by phenol extractions. The standard AFLP (amplified fragment len-
gth polymorphism) analysis (Vos et al., 1995) was performed with 
minor modifications (Liu et al., 2007). The primers used and their 
sequence information are as provided in Supplementary Tables 1 
and 2. Silver stained sequencing gel was used to resolve and 
visualize the AFLP amplification products. Two sets of independent 
AFLP analyses were performed for all samples to ensure repro-
ducibility of scored bands. 
 
 
Band scoring and data analysis 
 
The band scoring and data analysis were carried out following the 
same criterion and methods in the AFLP. Only well-resolved and 
reproducible bands at a given locus on the AFLP gel profile of each 
primer were scored and transformed into a binary character  matrix,  
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Table 1. AFLP adapters and pre-selective primers used in this study. 
 

Name Sequence 
Mse I-adaptor I 5'-GACGATGAGTCCTGAG-3' 
Mse I- adaptor II 5'-TACTCAGGACTCAT-3' 
EcoR I- adaptor I 5'-CTCGTAGACTGCGTACC-3' 
EcoR I- adaptor II 5'-AATTGGTACGCAGTC-3' 
Pre-amplification primer 
EcoR I+A 5'-GACTGCGTACCAATTCA-3' 
Mse I+C 5'-GATGAGTCCTGAGTAAC-3' 

 
 
 

Table 2. Selective AFLP amplification primer pairs used in this study. 
 

Primer pairs EcoRI primers Mse I primers 

1b 5´- GACTGCGTACCAATTCAAG-3´ 5´- GATGAGTCCTGAGTAACAA-3´ 
1f 5´- GACTGCGTACCAATTCACG-3´ 5´- GATGAGTCCTGAGTAACAA-3´ 
1g 5´- GACTGCGTACCAATTCAGC-3´ 5´- GATGAGTCCTGAGTAACAA-3´ 
1h 5´- GACTGCGTACCAATTCAGG-3´ 5´- GATGAGTCCTGAGTAACAA-3´ 
6b 5´- GACTGCGTACCAATTCAAG-3´ 5´- GATGAGTCCTGAGTAACTC-3´ 
6d 5´- GACTGCGTACCAATTCACT-3´ 5´- GATGAGTCCTGAGTAACTC-3´ 
6f 5´- GACTGCGTACCAATTCACG-3´ 5´- GATGAGTCCTGAGTAACTC-3´ 
6h 5´- GACTGCGTACCAATTCAGG-3´ 5´- GATGAGTCCTGAGTAACTC-3´ 
6i 5´- GACTGCGTACCAATTCAGA-3´ 5´- GATGAGTCCTGAGTAACTC-3´ 
7a 5´- GACTGCGTACCAATTCAAC-3´ 5´- GATGAGTCCTGAGTAACTG-3´ 
7b 5´- GACTGCGTACCAATTCAAG-3´ 5´- GATGAGTCCTGAGTAACTG-3´ 
7f 5´- GACTGCGTACCAATTCACG-3´ 5´- GATGAGTCCTGAGTAACTG-3´ 
8a 5´- GACTGCGTACCAATTCAAC-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 
8c 5´- GACTGCGTACCAATTCACC-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 
8e 5´- GACTGCGTACCAATTCACC-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 
8g 5´- GACTGCGTACCAATTCAGC-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 
8h 5´- GACTGCGTACCAATTCAGG-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 
8j 5´- GACTGCGTACCAATTCATC-3´ 5´- GATGAGTCCTGAGTAACTT-3´ 

 
 
 
where “1” stands for presence and “0” for absence at a given posi-
tion in the marker profile. Genetic similarity between pairs of clones 
was estimated by the Jaccard index, which was considered appro-
priate for dominant markers like AFLP, as it does not attribute any 
genetic meaning to the coincidence of band absence (Mattioni et 
al., 2002). The similarities were calculated by the formula:  
 
Jaccard index = NAB / (NAB + NA+NB).  
 
Where NAB is the number of bands shared by two samples, NA 

represents bands only in sample A and NB represents bands only in 
sample B. The dendrogram was generated by cluster analysis 
based upon the unweighted pair group method with arithmetical 
averages (UPGMA), which compresses the patterns of variation 
into two-dimensional branch diagrams (Sneath and Sokal, 1973) in 
the NTSYS-pc (Numerical Taxonomy System pc) version 2.0 pac-
kage (Rohlf, 1998). The robustness of the dendrogram was tested 
by estimating the cophenetic correlation values, and comparing 
them with the original similarity matrix using Mantel’s matrix corres-
pondence test (Mantel, 1967) based on 1000 random permutations. 
Principal coordinate analysis (PCOORDA) was also performed in 

the NTSYS-pc version 2.0 package to ordinate relationships bet-
ween clones and populations, which highlights the resolving power 
of the ordination (Mattioni et al., 2002). The genetic diversity indices 
of each population were calculated by the Popgene software 
package, version 1.21 (Yeh et al., 1997), and the details about 
Gene frequency, Percentage of polymorphic loci (P) (Nei et al., 
1995), Nei’s gene diversity index (H) (Nei, 1973), and Shannon 
information index (I) (Lewontin, 1972) were referred (Gong et al., 
2007; Li et al., 2009). 

To test the genetic diversity within the four populations, between 
populations within the same artificially divided group, and among 
clones within each of the populations, the non-parametric analysis 
of molecular variance (AMOVA) (Excoffier et al., 1992) using Arle-
quin version 3.01 (Excoffier et al., 2005) was applied. AMOVA was 
based on the pairwise squared Euclidian distances between mole-
cular phenotypes, which are equal to the number of different band 
states, because band states can only take the values “0” or “1” 
(Reisch et al., 2005). It allowed the calculation of variance compo-
nents (the divided groups, four populations within the groups and 
clones within each of the four populations) and their significance le-
vels for variation. The occurrence  of  gene  flow  (Nm)  between  the  



 
 
 
 
Table 3. Summary of the information indices of the selected AFLP 
primer pairs. 
 

PP NB MB PB PPB (%) PIC 
1/b 46 36 10 21.73 0.3403 
1/f 48 32 16 33.33 0.4444 
1/g 54 43 11 20.37 0.3244 
1/h 83 53 30 36.14 0.4616 
6/b 45 38 7 15.55 0.2627 
6/d 80 61 19 23.75 0.3622 
6/f 36 29 7 19.44 0.3133 

6/h 44 34 10 22.73 0.3512 

6/i 56 40 16 28.57 0.4082 
7/a 47 38 9 19.15 0.3096 
7/b 65 40 25 38.46 0.4734 

7/f 81 52 29 35.80 0.4597 

8/a 72 57 15 20.83 0.3299 
8/c 37 32 5 13.51 0.2337 
8/e 66 49 17 25.76 0.3825 
8/g 40 31 9 22.50 0.3488 

8/h 44 36 8 18.18 0.2975 
8/j 77 60 17 22.08 0.3441 

Total 1021 761 260   
Mean 56.72 42.27 14.44 25.47 0.3582 

 

PP: primer pairs, NB: number of bands, MB: number of monomorphic 
bands, PB: number of polymorphic bands, PPB: percentage of 
polymorphic bands, PIC: polymorphic information content. PIC=2*f (1-
f), where f is the percentage of the polymorphic bands out of the total 
bands. 
 
 
 
populations was estimated using the equation: 
 
Nm = ¼ (1/Gst -1). 
 
Where Gst is the pairwise genetic distance between populations cal-
culated by the above AMOVA algorithm (Wright, 1978). The den-
drograms of Nei’s unbiased measures of genetic distance (Nei, 
1978) AFLP based on using UPGMA was employed to directly in-
crease the demonstration of relationship between the four popula-
tions (Nei, 1987). 
 
 
RESULTS  
 
Evaluation of AFLP primer combinations 
 
Based on a comparison of the amplification profiles bet-
ween duplicates of DNA from a single L. chinensis clone, 
18 most suitable AFLP primer combinations were selec-
ted out of 90 tested primer pairs (Tables 1, 2, 3 and 
Figure 2); 1021 AFLP bands were scored based on com-
plete reproducibility between two independent amplifyca-
tions from each of the 48 clones (that is, the whole 
experiment was performed twice) taken from the four 
populations, CC, BT, ZL, and CL; of the bands scored, 
260 were found to be polymorphic among the clones. The  
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indices of the 18 primer pairs were computed and shown 
in Table 3, which included the number of monomorphic 
and polymorphic bands (MB and PB), percentage of poly-
morphic bands (PPB) and polymorphic information 
content (PIC). Apparently, all 18 selected primer pairs are 
informative in detecting genetic variations in L. chinensis, 
albeit with different efficiencies. For example, primer pair 
‘7b’ generated the highest percent of polymorphic bands 
(38.46%) and the highest values for PIC (0.4734), where-
as ‘8c’ generated the lowest values for these indices. The 
average values for each of the indices for the 18 selected 
primers, NB, MB, PB, PPB and PIC, were 56.72, 42.27, 
14.44, 25.47 and 0.3582% respectively (Table 3).  
 
 
Cluster analysis 
 
The UPGMA clustering algorithm grouped the 48 clones 
into four distinct clusters (Figure 3) in accordance with 
their population origins and was related to their abiotic 
conditions. The associations between the original genetic 
similarity matrix and the cophenetic correlation matrix 
were found to be highly significant based on Mantel’s test 
(r = 0.908, p = 0.002 < 0.01), thus testifying authenticity 
of the dendrograms. The relationships among the L. chi-
nensis clones and among the populations were displayed 
by PCOORDA based on the AFLP data (Figure 4). In the 
two-dimensional plot, dimension-1 (accounting for 
15.98% of the variation) clearly depicted the population-
level genetic differentiation among the four populations, 
which corresponded to their localities, except for ZL and 
CL, whereas dimension-2 (accounting for 11.35% of the 
variation) pointed to separation of the ZL and CL popu-
lations.  
 
 
Genetic diversity and gene flow within and among 
populations 
 
Based on the AFLP data, the polymorphic levels within 
each of the four populations was lowest in CC (52.31%) 
and highest in BT (70.38%) and ZL (70.00%) as shown in 
Table 4. The Nei’s gene diversity indices (Nei, 1978) of ZL 
(0.2467) and BT (0.2305) were higher than those of CL 
(0.1768) and CC (0.1674). The Shannon information indi-
ces (Lewontin, 1972) of ZL (0.3674) and BT (0.3484) 
were also higher than those of CL (0.2709) and CC 
(0.2544). Hence, the three genetic diversity indices 
showed that the two populations of ZL and BT harbored a 
higher level of genetic diversity than the other two 
populations of CL and CC. 

The occurrence and spectra of gene flow through either 
seed and/or pollen dispersal would have imposed a signi-
ficant impact on intra- and inter-population genetic varia-
tions. The gene flow value (Nm) among the four popula-
tions was 0.93, the Nm between CC and CL (0.89) was 
lower than those of the other population pairs, which may 
be brought by  some  isolation  factors  between  CC  and  
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Figure 2. Examples of the population-specific (marked by an arrowhead prefixed with A) and population-enriched 
(marked by an arrowhead prefixed with B) bands identified in the AFLP profiles of L. chinensis clonels. A and B were 
portions of AFLP profiles generated by primer pairs ‘7f’. 

 
 
 

 
 
Figure 3. Dendrogram of L. chinensis populations constructed using the UPGMA method (Sneath and 
Sokal 1973), based on a similarity matrix of AFLP data calculated according to the Jaccard index. 48 clones 
are clustered into four distinct groups, CC, BT, ZL, and CL in line with their population origins. 

 
 
 
CL. As expected, Nm between ZL and BT was the largest 
(2.24), which is most likely because of their proximity in 
geographical distance. The gene flow frequencies bet-
ween rest population pairs were correlated with the geo-
graphic distances (Table 5 and Figure 1). 
 
 
AMOVA  
 
The AMOVA program was used to partition the genetic 
variation by hierarchical analysis from the distance ma-
trix. An AMOVA revealed 36.65% of the genetic variation 

among populations, and 63.35% within the population 
(Table 6). The upper results, together with the PCOORDA 
(Figure 4) and the Dendrograms of Nei’s unbiased mea-
sures of genetic distance (Table 5) (Nei, 1978) based 
upon AFLP markers using unweighted pair group method 
with arithmetical averages (UPGMA) (Nei, 1987), indica-
ted clear inter-populational differentiation, which has led 
to isolation of the populations of ZL and BT. The group-
level AMOVA, revealed 26.17% of the genetic variation 
between, and 62.11% within the populations respectively 
(Table 6). The AMOVA also showed a high and significant 
(p < 0.001) genetic differences between the  BT  and  ZL,  
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Figure 4. Principal coordinate analysis (PCOORDA) of the 48 L. chinensis clones. The two-
dimensional results of PCOORDA based on the AFLP data. Axis dimensional-1 extracted 
15.98% of the variance and axis-dimensional-2 extracted 11.35% of the variance. The two-
dimensional ordination has clearly separated the clones into four groups according to their 
population origins. 

 
 
 
Table 4. Genetic diversity within the four populations of L. 
chinensis based on 260 polymorphic AFLP bands (P: percentage 
of polymorphic loci, H: Nei’s gene diversity index, I: Shannon infor-
mation index. The values in parentheses are percentages for each 
of the indices.). 
 

Population P (%) H I 
CC 52.31 0.1674 (0.1917) 0.2544 (0.2754) 
BT 70.38 0.2305 (0.1934) 0.3484 (0.2714) 
ZL 70.00 0.2467 (0.2008) 0.3674 (0.2807) 
CL 57.69 0.1768 (0.1893) 0.2709 (0.2709) 

Mean 62.60 0.2054 (0.1938) 0.3103 (0.2746) 
 
 
 
the CL group and the CC group and between clones with-
in each of the populations (Table 6). The inter-population 
relationships were also more straightforwardly depicted 
by the dendrograms of Nei’s unbiased measures of gene-
tic distance (Nei, 1978) based upon AFLP markers using 
unweighted pair group method with arithmetical averages  

Table 5.  Gene flow values (Nm, left below diagonal) and Nei's 
genetic distance (Nei, 1978, right above diagonal) between pairs 
of the four L. chinensis populations based on the 260 poly-
morphic AFLP bands. 
 

Population CC BT ZL CL 
CC  0.1678 0.2390 0.2582 
BT 1.51  0.1372 0.1906 
ZL 1.17 2.24  0.1705 
CL 0.89 1.40 1.60  

 
 
 
(UPGMA) (Nei, 1987) (Figure 3). 
 
 
DISCUSSION 
 
The AFLP data revealed and confirmed earlier high levels 
of inter-clonal genetic diversity within each of the popula-
tions of L. chinensis with the same ecotype which has the  
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Table 6. Summary of analysis of molecular variance (AMOVA) based on the 260 polymorphic 
AFLP bands (two-level-AMOVA). (SS: sums of squares, V.P.: variance components, PGV: 
proportion of genetic variability, P: level of significance, levels of significance test were based on 
1000 permutations.) 
 

Level of variation SS V.P. PGV (%) P 
Without population grouping 
Among populations 721.354 17.5147 36.65 < 0.001 
Within population 1332.083 30.2746 63.35 < 0.001 
Population groups based on location (CC, CL, BT and ZL ) 
Between groups 538.021 5.7118 11.72 < 0.001 
Between populations within groups 183.333 12.7548 26.17 < 0.001 
Within population 1332.083 30.2746 62.11 < 0.001 

 
 
 
green grey leaf (GGL). This was reflected by the variable 
ranges of the genetic diversity indices including percen-
tage of polymorphic loci (P), Nei’s genetic diversity index 
(H) and Shannon information index (I), for each of the 
markers. The clustering, two-dimensional PCOORDA 
analysis on data of both markers and assignment test on 
the AFLP data, both of which were further supported by 
AMOVA, clearly pointed to the existence of substantial 
inter-population genetic differentiation. There was a 
remarkable observation in the analysis which showed 
that the soil condition and the proximal distance between 
the populations had a significant influence in the genetic  
diversity analysis. It is conceivable that the occurrence 
and spectra of genetic variations, both within a plant 
population and among populations, are mainly caused by 
three distinct as well as interlaced factors, that is, gene 
flow through seed dispersal and/or pollen dissemination, 
genetic drift and habitat induction. Of the first two factors, 
when the levels of gene flow are low, then genetic drift 
becomes the predominant factor in shaping the popula-
tion genetic structure and results in within-population 
homogeneity but among population differentiation (Reisch 
et al., 2005). With regard to gene flow, for a given plant 
species, although the most easily conceivable scenario is 
causal links with geographic distance, in the present 
study; however, it is noted that under certain circum-
stances, that is, the frequency between CL and CC popu-
lations pair showed little relatedness to geographic dis-
tances between CL and CC (Table 5). It can be envi-
sioned that a multiple other factors might have imposed 
their influences on the efficiency or effectiveness of gene 
flow among the L. chinensis populations. First, the Song-
nen Prairie as a whole is a flat plain and without barriers 
like mountains. Hence gene flow might be easy as shown 
in BT and ZL which had a high gene flow. The low gene 
flow between them and CL and CC could be due to the 
distance and other shielding vegetations, accumulation of 
valleys which could influence the flow of wind and move-
ment of dispersal agents. The CC population was seen 
as being isolated due to its special predicament of its 
locality. Being in the midst of tall buildings seems to have 
raised a great barrier which is gradually isolating it from 

the rest. Other biologically influenced dispersal agents 
might have been hindered from enriching this clone with 
new variations from outside; which could interfere with 
wind and pollinators movements (Li et al., 2009). Hence 
homogenization is being gradually established in this 
clone due to the habitat fragmentations caused by human 
activities. The exceptionally low level of gene flow bet-
ween CL and CC populations (Table 5) provided a typical 
example to suggest that genetic isolation is not neces-
sarily determined by distance, but other factors could also 
have a role in the differentiation of these populations, 
although, physical and/or biological isolation seem to be 
the most significant. But although the soil pH values as a 
habitat heterogeneity were not correlated with genetic 
variation intrapopulation of L. chinensis with the same 
ecotype, it is interesting to note that the dendrogram of L. 
chinensis populations constructed by the UPGMA method 
(Sneath and Sokal, 1973), based on a similarity matrix of 
AFLP data calculated according to the Jaccard index 
showed a close link between the clones grown in the 
same abiotic conditions (Figure 3). Like CC was more 
closely related to BT (all grown at pH 7) and CL more 
closely linked to ZL which are grown in soils of pH 8.5-
9.5. The possibility of habitat inducement can not be ruled 
out in causing heterogeneity in stressful conditions of 
varied salinity/alkaline which have been known to cause 
heritable epigenetic variations in plants. 
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generated by primer pairs ‘7f’  as  identified  in  the  AFLP 
profiles of L. chinensis clones. 



 
 
 
 
REFERENCES 
 
Bensch S, Akesson M (2005). Ten years of AFLP in ecology and 

evolution: why so few animals? Mol. Ecol. 14: 2899-2914. 
Ellstrand NC, Elam DR (1993). Population genetic consequences of 

small population size: implications for plant conservation. Ann. Rev. 
Ecol. Syst. 24: 217-243. 

Excoffier L, Smouse P, Quattro J (1992). Analysis of molecular variance 
inferred from metric distances among DNA haplotypes: applications 
to human mitochondrial DNA restriction data. Genetics, 131: 479-491. 

Excoffier L, Laval G, Schneider S (2005). Arlequin ver. 3.0: An integrated 
software package for population genetics data analysis. Evol. Bioinfo. 
Online 1: 47-50. 

Fjellheim S, Rognli OA (2005). Genetic diversity within and among 
Nordic meadow fescue (Festuca pratensis Huds.) cultivars deter-
mined on the basis of AFLP markers. Crop Sci. 45: 2081-2086. 

Gong L, Song XX, Li M, Guo WL, Hu LJ, Tian Q, Yang YF, Zhang YF, 
Zhong XF, Wang DL, Liu B (2007). Extent and pattern of genetic 
differentiation within and between phenotypic populations of Leymus 
chinensis (Poaceae) revealed by AFLP analysis. Can. J. Bot. 85: 
813-821. 

Jia SX (1987). Forage Flora in People's Republic of Sinica. China 
Agricultural Press, Beijing. pp. 19-34. [In Chinese].  

Kidwell K, Osborn T (1992). Simple plant DNA isolation procedures. In 
Plant Genomes: Methods for Genetic and Physical Mapping. Edited 
by Beckman JS and Osborn TC. Kluwer Academic Publishers, 
Dordrecht. pp. 1-13.  

Lewontin R (1972). Testing the theory of natural selection. Nature. 236: 
181-182.  

Liang Y, Diao Y, Liu G, Liu J (2007). AFLP variations within and among 
natural populations of Leymus chinensis in the northeast of China. 
Acta Pratacul Turae Sinica. 16: 124-134. 

Li M, Gong L, Tian Q, Hu L, Guo W, Kimatu JN, Wang D, Liu B (2009). 
Clonal genetic diversity and populational genetic different-tiation in 
Phragmites australis distributed in the Songnen Prairie in northeast 
China as revealed by amplified fragment length polymer-phism and 
sequence-specific amplification polymorphism molecular markers. 
Ann. Appl. Biol. 154: 43-55. 

Liu HF, Gao YB, Ruan WB, Chen L, Li CL, Zhao NX, Wang D (2004). 
Genetic differentiation within and between Leymus chinens is popula-
tion s from different zones of Mid-Eastern Inner Mongolia steppe. 
Acta Ecologica Sinica. 24: 2157-2164. [in Chinese with English 
abstract]. 

Liu J, Zhu ZQ, Liu GS, Qi DM, Li FF (2002). AFLP variation analysis on 
the germplasm resources of Leymus chinensis. Acta Bot. Sin. 44: 
845-851.  

Liu ZP, Li XF, Li HJ, Yang QC, Liu GS (2007). The genetic diversity of 
perennial Leymus chinensis originating from China. Grass Forage 
Sci. 62: 27-34.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zhang et al.        3447 
 
 
 
Madan S, Avi GG, David W (2002). Population genetic structure and the 

conservation of isolated populations of Acacia raddiana in the Negev 
Desert. Biological Conservation, 108: 119-127. 

Mantel N (1967). The detection of disease clustering and a generalized 
regression approach. Cancer Res. 27: 209-220. 

Mattioni C, Casasoli M, Gonzalez M, Ipinza R (2002). Comparison of 
ISSR and RAPD markers to characterize three Chilean Nothofagus 
species. Theor. Appl. Genet. 104: 1064-1070. 

Nei M (1973). Analysis of gene diversity in subdivided populations. 
Proc. Natl. Acad. Sci. USA, 70: 3321-3323. 

Nei M (1978). Estimation of average heterozygosity and genetic 
distance from a small number of individuals. Genetics, 89: 583-590. 

Nei M (1987). Molecular Evolutionary Genetics. Columbia University 
Press. New York, NY, USA. 

Nei M, Takezaki N, Sitnikova T (1995). Assessing molecular 
phylogenies. Science, 267: 253-254.  

Reisch C, Anke A, Rohl M (2005). Molecular variation within and 
between ten population of Primula farinosa (Primulaceae) along an 
altitudinal gradient in the northern Alps. Basic Appl. Ecol. 6: 35-45. 

Rohlf FJ (1998). NTSYS-PC numerical taxonomy and multivariate 
analysis system. Exeter Publications, Setauket. New York. 

Sneath PHA, Sokal RR (1973). Numerical taxonomy. W.H. Freeman, 
San Francisco, Calif., USA. 

Valen LV (1965). Morphological Variation and Width of Ecological Niche. 
Am. Nat. 99: 377-390. 

Vos P, Hogers R, Bleeker M, Reijans M, van de Lee T, Hornes M, 
Frijters A, Pot J, Peleman J, Kuiper M, Zabeau M (1995). AFLP: a 
new technique for DNA fingerprinting. Nuc. Acids Res. 23: 4407-
4414. 

Wright S (1978). Evolution and Genetics of Populations. Vol. 4. 
Variability within and among natural populations. The University of 
Chicago Press, Chicago, USA. 

Yeh F, Yang R, Boyle T, Ye Z, Mao J (1997). POPGENE, the user-
friendly shareware for population genetic analysis, version 1.21. 
Molecular Biology and Biotechnology Centre, University of Alberta 
Canada. 

Zhou C, Yang Y (2003a). Physiological response to salt-alkali stress in 
experimental populations in two ecotypes of Leymus chinensis in the 
Songnen Plains of China. Chin. J. Appl. Ecol. 14: 1842-1846. [in 
Chinese with English abstract]. 

Zhou C, Yang Y (2003b). Water characteristics on salt-alkali resistance 
of two divergent types in experimental Leymus chinensis populations 
in the Songnen Plain of China. Acta Pratacul. Sin. 12: 65-68. [In 
Chinese with English abstract]. 


