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Abstract A strategy was proposed for constructing core

collections by least distance stepwise sampling (LDSS)

based on genotypic values. In each procedure of cluster, the

sampling is performed in the subgroup with the least dis-

tance in the dendrogram during constructing a core col-

lection. Mean difference percentage (MD), variance

difference percentage (VD), coincidence rate of range (CR)

and variable rate of coefficient of variation (VR) were used

to evaluate the representativeness of core collections con-

structed by this strategy. A cotton germplasm collection of

1,547 accessions with 18 quantitative traits was used to

construct core collections. Genotypic values of all quanti-

tative traits of the cotton collection were unbiasedly pre-

dicted based on mixed linear model approach. By three

sampling percentages (10, 20 and 30%), four genetic dis-

tances (city block distance, Euclidean distance, standard-

ized Euclidean distance and Mahalanobis distance)

combining four hierarchical cluster methods (nearest dis-

tance method, furthest distance method, unweighted pair-

group average method and Ward’s method) were adopted

to evaluate the property of this strategy. Simulations were

conducted in order to draw consistent, stable and repro-

ducible results. The principal components analysis was

performed to validate this strategy. The results showed that

core collections constructed by LDSS strategy had a good

representativeness of the initial collection. As compared to

the control strategy (stepwise clusters with random sam-

pling strategy), LDSS strategy could construct more rep-

resentative core collections. For LDSS strategy, cluster

methods did not need to be considered because all hierar-

chical cluster methods could give same results completely.

The results also suggested that standardized Euclidean

distance was an appropriate genetic distance for con-

structing core collections in this strategy.

Introduction

The concept of core collection was proposed by Frankel

(1984). A core collection is defined as a representative

sample of the whole collection with minimum repetitive-

ness and maximum genetic diversity of a crop species and

its relatives (Frankel and Brown 1984a, b; Brown 1989).

The core collection is served as a working collection that

could be evaluated and utilized preferentially, which could

solve the problem of large size of collection hindering the

preservation and utilization of germplasm resource. Core

collection is a convenient way to study and utilize germ-

plasm resources and has been received the extensive

attention all over the world.

Cluster analysis has been widely used as an important

tool to group accessions for constructing core collection

(Hintum 1995; Zhang et al. 2004). For example, cluster

analysis was used to separate similar accessions to estab-

lish chickpea core collection and chickpea mini core subset

(Upadhyaya and Ortiz 2001). Zewdie et al. (2004) used

cluster analysis to classify accessions of capsicum based on

the data of morphological traits. Then they established the

capsicum core collection by three sampling methods based

on results of the cluster analysis. Cluster analysis was also

adopted in grouping data based on molecular markers in

some researches of core collection (Baranger et al. 2004;
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Chabane and Valkoun 2004). However, there are several

cluster methods that can be chosen during the course of

cluster. Zhang et al. (2000) compared eight cluster methods

when researching the construction of sesame core collec-

tion, and found that Ward’s method was most feasible.

Some researches suggested that cluster methods should be

combined with corresponding sampling methods during

constructing core collection (Hu et al. 2000c; Li et al.

2004).

There are different strategies for sampling core

accessions, such as random strategy, constant strategy,

proportional strategy, logarithmic strategy and genetic

diversity-dependent strategy (Brown 1989; Yonezawa et al.

1995). Hu et al. (2000a, b, c) suggested three sampling

methods to select core accessions by stepwise clusters,

which could construct more reliable core collections be-

cause method of stepwise clusters could avoid the unequal

size of subgroups and unsymmetrical sampling. However,

most of those strategies are based on cluster analysis and

random sampling. The constructing results of those strat-

egies are greatly affected by the cluster methods. There-

fore, before constructing core collections, many work

needs to be done to find an appropriate cluster method. The

present paper proposed a strategy for constructing more

reliable core collections based on the least distance step-

wise sampling that did not need to consider cluster meth-

ods. Genetic diversity of core collections constructed by

this method was evaluated to assess the validity of the

method. Optimal parameters for constructing core collec-

tions based on this strategy were selected by simulations.2

Materials and methods

Materials

An initial collection of 1,547 cotton genotypes served to

construct core collections. All the 1,547 genotypes were

planted for 2 years with two replications per year. The

observed data of 18 quantitative traits were recorded. There

were nine agronomy traits (plant height, height of fruit

branch, length of fruiting node, length of boll stalk, number

of fruiting branch per plant, bolls per plant, growth period,

boll weight and lint percentage), five fiber traits (length,

uniformity, strength, elongation and micronaire) and four

seed traits (seed length, seed width, ratio of length to width

and kernel weight) in the initial collection.

Genetic models and statistical methods

In the genetic experiments for evaluating germplasm

resources in a single environment with at least two

replications, the observed values could be expressed as

YkðijÞ ¼ lþ Ri þ Cj þ GkðijÞ þ ekðijÞ; where l is the popu-

lation mean; Ri is the fixed effect of the ith row; Cj is the

fixed effect of the jth column; Gk(ij) is the random effect of

the kth genotype within the ith row and the jth column,

Gk(ij) ~ (0, rG
2 ); ek(ij) is the residual effect, ek(ij) ~ (0, re

2). In

the complicated genetic experiments, which are conducted

for multiple environments with at least two replications per

environment, the observed values could be expressed as

YhkðijÞ ¼ lþ Eh þ RiðhÞ þ CjðhÞ þ GkðijÞ þ GEhkðijÞ þ ehkðijÞ;
where l is the population mean; Eh is the fixed effect of the

hth environment; Ri(h) is the fixed effect of the ith row

within the hth environment; Cj(h) is the fixed effect of the

jth column within the hth environment; Gk(ij) is the random

effect of the kth genotype within the ith row and the jth

column, Gk(ij ) ~ (0, rG
2 ); GEhk(ij) is the random effect of

the interaction between the hth environment and the kth

genotype, GEhk(ij) ~ (0, rGE
2 ); ehk(ij) is the residual effect,

ehk(ij) ~ (0, re
2).

Minimum norm quadratic unbiased estimation (MIN-

QUE) method could be used to estimate the variance

component of the genotypic effect, and the genotypic value

of each accession could be unbiasedly predicted by ad-

justed unbiased prediction (AUP) method based on the

variance component of the genotypic effect (Zhu 1993;

Zhu and Weir 1996).

Constructing core collections

1. Constructing core collections by least distance step-

wise sampling (LDSS) strategy: first, a precise sam-

pling percentage of the core collection to the initial

collection is given based on other researches. Next, the

genetic distances between accessions are calculated

and accessions are grouped by hierarchical cluster

analysis based on the genetic distance. One accession

from a subgroup with the least distance (this subgroup

is unique in the whole dendrogram) is randomly re-

moved and another accession of the subgroup is sam-

pled. Then, the genetic distances among the remained

accessions are calculated again, and the sampling is

performed by the same way. The stepwise samplings

are performed until the percentage of the remained

accessions reaches to the given sampling percentage.

By this way, a core collection is successfully con-

structed.

2. For comparing purpose, core collections by stepwise

clusters with random sampling (SCR) strategy (Hu

et al. 2000c) were constructed. The process is: first, the

genetic distances among accessions of the initial col-

lection are calculated. Next, accessions are grouped by

hierarchical cluster analysis. One accession from each

subgroup with two accessions at the lowest level of
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dendrogram is randomly sampled. Then, the genetic

distances among the remained accessions are calcu-

lated again, which are used for the next procedure of

cluster. The sampling is performed by the same way.

The stepwise clusters are performed until the size of

the remaining collection reaches the scale 20–30%

(Yonezawa et al. 1995) of the initial collection. Thus, a

core collection is successfully constructed.

Four distances (city block distance, Cityblock;

Euclidean distance, Euclid; standardized Euclidean dis-

tance, Seuclid; Mahalanobis distance, Mahal) were used

to assess genetic distances among accessions. Four hier-

archical cluster methods (nearest distance method, Single;

furthest distance method, Complete; unweighted pair-

group average method, Average; and Ward’s method,

Ward) were used to perform clustering to construct dif-

ferent core collections by combining four genetic dis-

tances.

The evaluating parameters for core collection

The representativeness of a core collection could be eval-

uated by mean, variance, range and coefficient of variation.

A homogeneity test (F test) for variances and a t test for

means (a = 0.05) can be performed to determine the dif-

ference of traits between core collection and the initial

collection (Hu et al. 2000c). Based on the calculated results

of t test, F test, range and coefficient of variation, four

more important evaluating parameters are calculated.

There are mean difference percentage (MD), variance

difference percentage (VD), coincidence rate of range (CR)

and variable rate of coefficient of variation (VR) (Hu et al.

2000b, c). These four parameters are formulated as fol-

lows:

MD ¼ St=n

� �
� 100; where St is the number of traits

which have significant difference (a = 0.05) of means
between the initial collection and core collection; n is
total number of traits.

VD ¼ SF=n

� �
� 100; where SF is the number of traits

which have significant difference (a = 0.05) of variances

between the initial collection and core collection; n is

total number of traits.

CR ¼ 1
n

Pn
i¼1

RCðiÞ
RIðiÞ
� 100; where RC(i) is the range of the ith

trait of core collection; RI(i) is the range of the

corresponding trait of the initial collection; n is total

number of traits.

VR ¼ 1
n

Pn
i¼1

CVCðiÞ

CVIðiÞ
� 100; where CVC(i) is the coefficient

of variation of the ith trait of core collection; CVI(i) is the

coefficient of variation of the corresponding trait of the

initial collection; n is total number of traits.

The core collection can be considered to represent the

genetic diversity of the initial collection if MD £ 20%

and CR ‡ 80% at the same time (Hu et al. 2000c). More-

over, in the same sampling percentage, smaller MD leads

to more representative core collections, and core collec-

tions with larger CR or VR are more representative.

Simulations

In order to draw consistent, stable and reproducible results,

repeated samples (bootstrap) were conducted (Chandra

et al. 2002). Four hundred and twelve genotypes from the

same growing region were selected among 1,547 cotton

genotypes to perform simulations. There were k = 1,000,

1,500 and 2,000 independent random samples from the

initial collection of a particular combination (a sampling

percentage combining with a genetic distance and a cluster

method). In each sample, the core collection was con-

structed and the four evaluating parameters above were

calculated. Therefore, each combination generated four

resampling populations of evaluating parameters when

k = 1,000, 1,500 or 2,000. Based on the results of simu-

lations, normality tests were performed and mean, median,

upper-0.025-quantile and upper-0.975-quantile were cal-

culated in each population.

The validation of core collections

Four hundred and twelve genotypes from the same growing

region were treated by the principal components analysis to

valid the core collections. Distribution of the core acces-

sions and the reserved accessions was plotted by the first

two principal components in the sampling percentage of 10

and 30%.

Data management

Before constructing core collections, genotypic values of

each trait were standardized (l = 0, r = 1; where l is the

population mean of the trait and r is the standard deviation

of the trait). Normality tests were performed using

Univariate procedure in SAS software (version 8.01).

Other experiments were conducted in MATLAB software

(version 6.5).

Results

Comparison between LDSS strategy and SCR strategy

in the same sampling percentage

Constructing core collections from the 1,547 cotton geno-

types in the same sampling percentage, the cluster times of
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LDSS strategy were far more than those of SCR strategy,

and could be formulated as follows: cluster times = the

number of initial accessions – the number of core acces-

sions (Table 1). All MDs of core collections constructed by

the two strategies were 0% and all CRs of core collections

constructed by the two strategies were over 90%. Most VDs

of core collection constructed by the two strategies were 0%.

The CR and VR of core collections constructed by LDSS

strategy were larger than those of core collections con-

structed by SCR strategy in the same combination (Table 1).

The representation of LDSS strategy in different cluster

methods

When the same sampling percentage and genetic distance

were used to construct core collections by LDSS strategy,

the four cluster methods produced the same values for each

evaluating parameters. By comparing the accessions in

each core collection, all those four core collections with the

same sampling percentage and genetic distance were

composed of completely same accessions whether based on

Table 1 Comparison between core collections constructed by least distance stepwise sampling strategy and stepwise clusters with random

sampling strategy in the same sampling percentage

Genetic distance Parameter Cluster method

Single Complete Average Ward

SCR LDSS SCR LDSS SCR LDSS SCR LDSS

Cityblock MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00

CR (%) 93.38 96.97 93.36 96.97 91.98 96.97 94.63 96.97

VR (%) 101.38 103.32 99.44 103.76 98.45 103.41 99.70 103.94

Core size 406 406 386 386 411 411 377 377

Cluster times 5 1141 4 1161 4 1136 4 1170

Sampling percentage (%) 26.24 26.24 24.95 24.95 26.57 26.57 24.37 24.37

Euclid MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00

CR (%) 94.56 95.14 93.06 95.13 94.78 95.14 95.09 95.11

VR (%) 99.90 101.47 100.12 102.05 100.12 101.50 101.39 102.27

Core size 401 401 377 377 395 395 360 360

Cluster times 5 1146 4 1170 4 1152 4 1187

Sampling percentage (%) 25.92 25.92 24.37 24.37 25.53 25.53 23.27 23.27

Seuclid MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 5.56 0.00 5.56 0.00 5.56 0.00 11.11

CR (%) 93.10 96.21 94.74 95.86 96.26 96.30 95.24 95.86

VR (%) 98.92 102.93 99.93 102.90 101.76 102.37 100.71 102.72

Core size 392 392 379 379 408 408 366 366

Cluster times 5 1155 4 1168 4 1139 4 1181

Sampling percentage (%) 25.34 25.34 24.50 24.50 26.37 26.37 23.66 23.66

Mahal MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 5.56 0.00 0.00 0.00 0.00 0.00 11.11 0.00

CR (%) 95.85 96.89 93.03 96.89 94.61 97.16 88.56 96.95

VR (%) 101.60 102.03 98.69 101.87 99.20 102.40 98.34 102.08

Core size 371 371 375 375 415 415 390 390

Cluster times 5 1176 4 1172 4 1132 4 1157

Sampling percentage (%) 23.98 23.98 24.24 24.24 26.83 26.83 25.21 25.21

All core collections were constructed by various combinations of four genetic distances and four cluster methods

MD mean difference percentage between core collection and the initial collection, VD variance difference percentage between core collection

and the initial collection, CR coincidence rate of range of core collection and the initial collection, VR variable rate of coefficient of variation of

core collection and the initial collection, SCR stepwise clusters with random sampling strategy, LDSS least distance stepwise sampling strategy
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simulated data or true data. Table 2 showed the represen-

tation of LDSS strategy based on true data.

Comparison of genetic distances for LDSS strategy

by simulation

The results were similar for k = 1,000, 1,500 and 2,000.

Therefore, only results for k = 1,000 were listed and dis-

cussed. Normality tests showed that all resampling popu-

lations of evaluating parameters were not normal

distribution. Therefore, median could be considered as

estimate instead of mean, and upper-0.025-quantile and

upper-0.975-quantile formed confidence interval at the

significant level of 0.05 of the evaluating parameter. Since

all cluster methods generated the same core collections

under the same sampling percentage and genetic distance,

the results of simulations on core collections constructed

just by single-cluster method combining with four genetic

distances were listed in present paper (Table 3). Except for

Seuclid in 10% sampling percentage, all medians of MD

were 0% and all medians of CR were over 85% (Table 3).

Except for Mahal in the sampling percentage of 10%, all

genetic distances had zero upper-0.025-quantile and the

same upper-0.975-quantile of MD in all the three sampling

percentages (Table 3). Compared to the two genetic

distances of Cityblock and Euclid, Mahal and Seuclid

generated larger median, upper-0.025-quantile and upper-

0.975-quantile of VD, CR and VR in the same sampling

percentage. Mahal generated slightly larger median, upper-

0.025-quantile and upper-0.975-quantile of CR compared

to Seuclid in the same sampling percentage, while those

parameters of VR of Seuclid were larger than Mahal

especially in small sampling percentage. Cityblock gener-

ated larger median, upper-0.025-quantile and upper-0.975-

quantile of CR and VR in the same sampling percentage

compared to Euclid (Table 3). Changes of VD for City-

block and Euclid were similar (Table 3).

Validation of core collections by the principal

components analysis

The above results suggested that core collections con-

structed by LDSS strategy were more representative than

those constructed by SCR strategy, and Seuclid was more

suitable for constructing core collections than Cityblock,

Euclid and Mahal based on LDSS strategy. The principal

component analysis was conducted further to validate core

collections constructed by Seuclid based on LDSS strategy.

Core accessions were selected symmetrically throughout

the whole collection in all the two sampling percentages

(Fig. 1). Most extreme accessions were selected in 10%

sampling percentage and almost all those were selected in

Table 2 Changes of evaluating parameters of core collections constructed by least distance stepwise sampling strategy with four genetic

distances and four cluster methods in three sampling percentages

Genetic distance Parameter Sampling percentage (%)

10 20 30

Single Complete Average Ward Single Complete Average Ward Single Complete Average Ward

Cityblock MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 5.56 5.56 5.56 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CR (%) 93.26 93.26 93.26 93.26 95.73 95.73 95.73 95.73 97.21 97.21 97.21 97.21

VR (%) 103.19 103.19 103.19 103.19 102.09 102.09 102.09 102.09 102.95 102.95 102.95 102.95

Euclid MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 0.00 0.00 0.00 22.22 22.22 22.22 22.22 22.22 0.00 0.00 0.00

CR (%) 91.17 91.17 91.17 91.17 94.49 94.49 94.49 94.49 94.49 95.56 95.56 95.56

VR (%) 101.65 101.65 101.65 101.65 103.22 103.22 103.22 103.22 103.22 100.99 100.99 100.99

Seuclid MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 0.00 0.00 0.00 11.11 11.11 11.11 11.11 0.00 0.00 0.00 0.00

CR (%) 92.51 92.51 92.51 92.51 95.22 95.22 95.22 95.22 97.37 97.37 97.37 97.37

VR (%) 102.70 102.70 102.70 102.70 102.62 102.62 102.62 102.62 102.41 102.41 102.41 102.41

Mahal MD (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VD (%) 0.00 0.00 0.00 0.00 5.56 5.56 5.56 5.56 0.00 0.00 0.00 0.00

CR (%) 91.36 91.36 91.36 91.36 96.48 96.48 96.48 96.48 97.60 97.60 97.60 97.60

VR (%) 103.70 103.70 103.70 103.70 101.98 101.98 101.98 101.98 103.27 103.27 103.27 103.27

MD mean difference percentage between core collection and the initial collection, VD variance difference percentage between core collection

and the initial collection, CR coincidence rate of range of core collection and the initial collection, VR variable rate of coefficient of variation of

core collection and the initial collection
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30% sampling percentage (Fig. 1). The plots illustrated

that the genetic diversity of the initial collection was or-

ganized in some degree. By LDSS strategy, only one

accession was selected from each region with similar

accessions, which avoided redundance efficiently (Fig. 1).

Discussion

For the research of constructing core collection, phenotypic

values are mainly used (Zhang et al. 2000; Fundora et al.

2004; Volk et al. 2005). To achieve phenotypic values of

germplasm materials, field experiments are required. Most

traits of germplasm materials are quantitative traits under

the control of polygenes, which means that they are easily

affected by field conditions and experimental errors.

Moreover, the effects of interaction between gene and

environment (GE effects) exist in phenotypic values (Hu

et al. 2000c). Therefore, stratification based on phenotypic

values could not essentially reflect genetic relationship

among accessions, and core collection based on phenotypic

values may not accurately represent genetic diversity of

the initial collection (Tanksley and McCouch 1997).

Genotypic values could be predicted from phenotypic

values by mixed linear model approach, which eliminate

effects of experimental errors, environmental effects and

GE effects. Stratification based on genotypic values can

reflect genetic relationship among accessions more accu-

rately. Therefore, a core collection constructed based on

genotypic values will be more representative than that

constructed based on phenotypic values (Hu et al. 2000c).

Two types of mixed linear model were introduced in the

present paper. One is suitable for analyzing experimental

data in single environment; the other is suitable for ana-

lyzing experimental data in multiple environments. When

genetic experiment is performed in multiple environments,

the environmental effects and GE effects could be

decomposed from the observed values by the mixed linear

model described before, which leads to more precise pre-

dicting values of genotypic effects than in single environ-

ment. Therefore, performing genetic experiment in

multiple environments will draw more accurate results in

constructing core collections. In present research, core

collections were constructed based on genotypic values

from multiple environments genetic experiment.

The genetic diversity of a collection was not randomly

dispersed but may be organized to varying degrees (Bala-

krishnan et al. 2000); the principal components analysis of

present research proved it. Accessions from the same

growing region have more similarity than those from dif-

ferent growing region. A population consisted of acces-

sions with small genetic difference is more efficient to

Table 3 Simulations on core collections constructed by least distance stepwise sampling strategy with single-cluster method combining with

four genetic distances for 1,000 independent random samples

Parameter Genetic distance Sampling percentage (%)

10 20 30

Median 0.025-uq 0.975-uq Median 0.025-uq 0.975-uq Median 0.025-uq 0.975-uq

MD (%) Cityblock 0.00 0.00 16.67 0.00 0.00 5.56 0.00 0.00 0.00

Euclid 0.00 0.00 16.67 0.00 0.00 5.56 0.00 0.00 0.00

Seuclid 5.56 0.00 16.67 0.00 0.00 5.56 0.00 0.00 0.00

Mahal 0.00 0.00 11.11 0.00 0.00 5.56 0.00 0.00 0.00

VD (%) Cityblock 44.44 22.22 61.11 16.67 0.00 27.78 0.00 0.00 11.11

Euclid 44.44 22.22 61.11 16.67 0.00 27.78 0.00 0.00 5.56

Seuclid 55.56 22.22 72.22 16.67 0.00 38.89 0.00 0.00 11.11

Mahal 50.00 16.67 66.67 16.67 0.00 33.33 0.00 0.00 22.22

CR (%) Cityblock 89.16 81.42 92.93 93.04 86.25 96.33 94.86 88.79 97.04

Euclid 89.00 81.09 92.80 92.84 85.91 95.97 94.87 88.69 97.07

Seuclid 91.23 83.26 94.77 94.16 87.18 96.76 94.96 88.84 97.22

Mahal 90.92 82.75 94.61 94.28 87.60 96.73 94.97 88.63 97.23

VR (%) Cityblock 123.57 113.74 128.54 110.42 104.95 113.38 103.15 99.66 105.21

Euclid 122.26 112.76 127.28 109.91 104.97 113.03 103.00 99.54 105.14

Seuclid 127.09 117.47 131.18 112.15 106.75 115.01 103.48 99.56 105.57

Mahal 124.89 115.79 129.72 111.74 106.46 114.86 104.10 100.24 107.36

MD mean difference percentage between core collection and the initial collection, VD variance difference percentage between core collection

and the initial collection, CR coincidence rate of range of core collection and the initial collection, VR variable rate of coefficient of variation of

core collection and the initial collection, uq upper quantile
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investigate the validity of different constructing strategies.

Present results showed that the population size of 412

genotypes was available to evaluate different genetic dis-

tances. Moreover, the running time of the simulating pro-

gram for LDSS strategy was too long to be afforded if the

number of accessions were over 500, even in high-powered

computers. Therefore, 412 genotypes from the same

growing region were used in present research.

Both SCR strategy and LDSS strategy are based on

hierarchical cluster. In the process of using SCR strategy to

construct core collections, each procedure of sampling is

performed in all subgroups at the lowest level of the den-

drogram, and redundant accessions in these subgroups are

removed. Different cluster methods will generate different

subgroups at the lowest level of the dendrogram. However,

the subgroup with the least distance is unique in the

dendrogram, and all common used hierarchical cluster

methods (nearest distance method, furthest distance meth-

od, centroid method, unweighted pair-group average

method, weighted pair-group average method and Ward’s

method) generate the same least distance subgroups (Yang

et al. 1989). LDSS strategy performs sampling in the

subgroup with the least distance of the dendrogram in each

procedure of stepwise sampling. Therefore, given the same

random sampling order, all hierarchical cluster methods

will construct core collections with same accessions.

In general methods of constructing core collections by

clusters, cluster method is one of the important factors that

will affect the results of core collection. However, while

using LDSS strategy, as long as the genetic distance and

the sampling percentage were fixed, cluster methods need

not be considered because of the properties of LDSS

strategy. Serving for plant breeding is an important aim for

constructing core collection. A well-representative core

Fig. 1 Principal component

plots of core accessions and

reserve accessions in the

sampling percentage of 10 and

30%. Core collections were

constructed by least distance

stepwise sampling (LDSS)

strategy based on Seuclid

genetic distance combining with

single-cluster method
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collection is an extremely useful resource for breeders,

because it can save much expense and time in the course of

plant breeding. Present results showed that constructing

core collections by LDSS strategy with Seuclid distance

seems to be an excellent strategy to assist constructing

well-representative core collections.
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