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Abstract Twenty-one informative microsatellite loci
were used to assess and compare the genetic diversity
among Pisum genotypes sourced from within and outside
China. The Chinese germplasm comprised 1243 P. sativum
genotypes from 28 provinces and this was compared to 774
P. sativum genotypes that represented a globally diverse
germplasm collection, as well as 103 genotypes from
related Pisum species. The Chinese P. sativum germplasm
was found to contain genotypes genetically distinct from
the global gene pool sourced outside China. The Chinese
spring type genotypes were separate from the global gene

pool and from the other main Chinese gene pool of winter
types. The distinct Chinese spring gene pool comprised
genotypes from Inner Mongolia and Sha’anxi provinces,
with those from Sha’anxi showing the greatest diversity.
The other main gene pool within China included both
spring types from other northern provinces and winter types
from central and southern China, plus some accessions
from Inner Mongolia and Sha’anxi. A core collection of
Chinese landraces chosen to represent molecular diversity
was compared both to the wider Chinese collection and to a
geographically diverse core collection of Chinese land-
races. The average gene diversity and allelic richness per
locus of both the micro-satellite based core and the wider
collection were similar, and greater than the geographically
diverse core. The genetic diversity of P. sativum within
China appears to be quite diVerent to that detected in the
global gene pool, including the presence of several rare
alleles, and may be a useful source of allelic variation for
both major gene and quantitative traits.

Introduction

Field pea (Pisum sativum) is grown widely throughout the
world; the seed and pods are consumed as a rich protein
food source and both the growing plant and straw may be
used for stock feed. Adapted to a wide range of climates
and altitudes, accessions of Pisum have been collected and
maintained within several major well characterized collec-
tions worldwide. These include but are not limited to col-
lections held at: John Innes Centre (JIC), UK; Nordic Gene
Bank (NGB), Sweden; United States Department of Agri-
culture (USDA), USA; International Center for Agricul-
tural Research in the Dry Areas (ICARDA), Syria and
Vavilov Institute, Russia.
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Many studies have been conducted on Pisum germplasm
collections to investigate genetic and trait diversities. Pro-
tein and molecular markers were employed to assess
genetic diversity among 148 Pisum accessions that repre-
sented both primitive and modern cultivated forms
(Baranger et al. 2004). Cluster analysis enabled discrimina-
tion of pea types corresponding to end-use such as fodder,
food and animal feed, and separated the wild and primitive
forms. More speciWcally, the spring-sown feed types were
clearly diVerentiated from the winter-sown feed types.
They also reported that released cultivars and breeding
lines contained far less diversity than the rest of the collec-
tion that represented the wider Pisum genepool.

In other studies, Keneni (Keneni et al. 2005) assessed a
collection of 148 Ethiopian P. sativum genotypes for 12
agronomically important traits and detected signiWcant
diVerences in all, except for the number of seeds per pod.
Based on these traits, clusters of genotypes were formed but
there was no obvious relationship between agronomic clus-
ters and geographic origin. A more recent diversity study
among 24 elite Indian P. sativum genotypes using 60 ran-
dom ampliWed polymorphic DNA (RAPD) markers sepa-
rated groups corresponding to tall and dwarf type varieties.
The similarity detected between pairs of accessions ranged
from 60 to 87% (Choudhury et al. 2007). In another study of
14 Indian and one UK P. sativum accession, that diVered for
seed characters and geographic origin, the range of detected
pair-wise similarity was somewhat broader, from 26 to 79%
using 11 RAPD primers (Yadav et al. 2007).

Meanwhile, a large Chinese collection of Pisum sp. acces-
sions is held at the National Genebank of China (NGC), Insti-
tute of Crop Sciences (ICS), Chinese Academy of
Agricultural Sciences, Beijing, China. This collection com-
prises accessions accumulated since the 1950s from 28 Chi-
nese provinces. Genetic variability within this collection has
not previously been assessed, nor has the Chinese germplasm
been compared to that from outside China. As such, the Chi-
nese accessions may represent potentially novel and previ-
ously untapped Pisum sativum ssp. sativum genetic material
for the rest of the world. The identiWcation of potentially
novel germplasm will be invaluable in the search for desirable
or novel traits for application to Weld pea improvement pro-
grams. An understanding of the geographical distribution of
genetic diversity within the Chinese P. sativum collection,
similar to that obtained for wild lentil germplasm by Ferguson
(Ferguson et al. 1998a), would help guide the targeting of spe-
ciWc areas for future collection missions, to increase diversity
in ex situ collections and to target areas for in situ conserva-
tion. Also, development of a core collection, representative of
the larger Chinese P. sativum germplasm collection will
enable its more eYcient conservation and dissemination.

First detailed by Frankel and Brown (1984), a core col-
lection aims to represent and maintain the maximum possi-

ble genetic diversity that may be detected within a larger
comprehensive germplasm collection, by selecting a
smaller subset of representative genotypes. More recently,
van Hintum (1999) modiWed the core collection deWnition
to “a germplasm collection optimally representing speciWc
genetic diversity”. Core collections of legume species have
been deWned using random sampling and stratiWed sam-
pling strategies in lentil (Erskine and Muehlbauer 1991)
and using evolutionary, agroecological and molecular data
in common and wild bean (Tohme et al. 1995, 1996).
Baranger (Baranger et al. 2004) found that a core of 43
accessions could explain 96% of the diversity detected by
protein and molecular markers in the total collection of 148
Weld pea accessions.

Measures of variation at the molecular level are very
suited to assessing relationships among individuals and
constructing representative smaller collections. This may
be achieved by detecting diVerences within the abundant
and often degenerate DNA repeat sequences of the genome.
Molecular variation in the John Innes Centre P. sativum
core collection was assessed by comparing Ty1-copia ret-
rotransposable element sequences (Ellis et al. 1998). The
usefulness of the Ty1-copia sequence was proposed due to
it being structurally conserved but having high insertion
site polymorphism. Pearce (Pearce et al. 2000) went on to
further characterize the Ty1-copia retrotransposable ele-
ment sequences in pea. Diversity among accessions within
the John Innes Pisum core collection (Matthews and
Ambrose 1995) was assessed by examining diVerences in
the insertional sequence of the PDR1 element. Using
sequence speciWc ampliWcation polymorphism (SSAP)
within various retrotransposon element variable regions, a
detailed Pisum phylogeny was developed (Pearce et al.
2000).

Similarly, the potentially high rate of evolution due to
“slippage” in pre-transcription binding events means that
short sequence repeat (SSR) or microsatellite loci provide
excellent markers for discriminating closely related geno-
types within the Pisum species. In an initial study by Lu
(Lu et al. 1996), PCR-based microsatellite markers were
generally found to be more informative for assessing
genetic relationships within Pisum than were restriction
fragment length polymorphism (RFLP) type markers. Sub-
sequently, Burstin (Burstin et al. 2001) retrieved 171
microsatellite sequences for P. sativum from the published
databases and used these to determine the genetic relation-
ships among 12 P. sativum genotypes. Three distinct
genetic groups were revealed comprising accessions from
Afghanistan as well as spring sown and fodder-type.

An abundance of P. sativum microsatellite locus-speciWc
primer pairs have been generated through the construction
of a genomic library enriched for repeat motifs by the Agro-
gène® consortium (Moissy Cramayel, France). A subset was
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used for genetic mapping of resistance to Aphanomyces
root rot in the USA (Pilet-Nayel et al. 2002) and to
determine genetic relationships among commonly grown
Australian P. sativum cultivars and relative P. fulvum geno-
types (Ford et al. 2002).

In this study, we report the use of 21 microsatellite loci
to characterise genetic diversity and relationships among a
collection of 2120 diverse Pisum genotypes. SpeciWcally,
the aims of this research were to (1) determine the position
of a Chinese Pisum sativum collection within a larger col-
lection representative of global Pisum accessions acquired
from diverse sources in Australia and worldwide, including
wild species and subspecies, (2) more speciWcally, deter-
mine the relatedness of Chinese P. sativum ssp. sativum
germplasm to P. sativum ssp. sativum from outside China
and (3) construct a core collection of genotypes representa-
tive of the molecular and geographical diversity within the
wider Chinese collection.

Materials and methods

Plant materials

Pisum genotypes included in this study were chosen based
on broad geographic origin. These were sourced from
within the Australian Temperate Field Crops Collection
(ATFCC), Department of Primary Industries (DPI), Hor-
sham, Victoria, Australia (224 accessions) and the National
Genebank of China (NGC), Institute of Crop Sciences
(ICS), Chinese Academy of Agricultural Sciences, Beijing,
China as representative of diverse global collections. Also
included were 133 elite Weld pea breeding lines from the
Victorian Department of Primary Industries (VicDPI)
breeding program, 345 external world sourced accessions
from NGC, and 72 vegetable pea accessions from diverse
geographic origins (774 P. sativum genotypes in total). In
addition, wild relative genotypes that were classiWed as
belonging to P. sativum subsp. abyssinicum, P. sativum
subsp. asiaticum, P. sativum subsp elatius, P. sativum
subsp. transcaucasicum, P. sativum var. pumilio, P. sati-
vum var. arvense or P. fulvum were included (103 geno-
types). Finally, from within the ICS, 1243 P. sativum
genotypes were included. These were collected within
China, across 28 provinces and represented a geographic
subset of one-third of the 3,650 entire ‘Chinese local’ col-
lection. In total, 2120 Pisum genotypes were selected for
molecular analyses (Table 1; Supplementary Table A).

Genomic DNA extraction

Plants were grown in plots at the CAAS Bashang germ-
plasm nursery and leaf tissues were directly stored in liquid

N2 upon collection. Young leaf tissue was collected and
bulked from 20 seedlings of each of the 2120 genotypes.
Total genomic DNA was extracted from leaf tissue (100–
200 mg) by grinding in liquid nitrogen and applying the
adapted CTAB method of Taylor (Taylor et al. 1995). DNA
quality and quantity were assessed with a spectrophotome-
ter and on 1.4% agarose gel, stained with ethidium bromide
and visualized under UV-light. Genomic DNA stocks were
subsequently diluted to working solutions of 10 ng/�L.

PCR and microsatellite marker genotyping

Initially, 111 microsatellite primers pairs (Pisum microsat-
ellite consortium, Agrogène®, France) were screened to
identify those able to amplify clear, reproducible poly-alle-
lic amplicons across a subset of twelve genotypes originat-
ing from geographically diverse regions and comprising
representatives of both the cultivated and wild relative
Pisum species and subspecies (Table 2).

Each PCR reaction (25 �L) contained 40 ng of DNA,
0.4 �M of each primer, 240 �M each of dATP, dCTP,
dGTP and dTTP (Invitrogen, Australia), 3.0 mM MgCl2,
buVer (20 mM Tris–HCl pH 8.4, 50 mM KCl) and 1.0 U of
Taq DNA polymerase (Invitrogen, Australia). AmpliWca-
tion was conducted in a MJ Research PTC-220 thermocy-
cler with the following cycling proWle: initial denaturation
step at 94°C for 3 min followed by 35 cycles of 94°C for
30 s, optimized annealing between 59 and 68°C for 30 s
and extension at 72°C for 1 min with a Wnal extension at
72°C for 5 min. AmpliWed fragments were resolved on
1.4% agarose gel as previously mentioned. Selected primer
sets were subsequently screened across the entire 2120
samples using optimized primer annealing temperatures
and the amplicons were resolved on polyacrylamide gel
(5%) and stained with silver (Promega, USA). Allele iden-
tities were assigned and approximate allele sizes were
determined by comparison with a 50 bp step ladder
(Promega, USA). Informative measures, including
observed number of alleles, eVective number of alleles
(Kimura and Crow 1964) and Shannon’s information index
(Lewontin 1972) were calculated for each of the 21 SSR
loci.

Molecular variation among the 2120 Pisum genotypes

Clustering, and principle components analysis (PCA) were
used to visualise the genetic relationships within the diverse
global Pisum collection and to compare germplasm within
the Chinese local P. sativum collection, while diVerences
between a priori geographic groups of genotypes were
tested by analyses of molecular variance (AMOVA). The
size of the data set made using conventional genetic soft-
ware either too ponderous or impossible, so the genetic
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analyses were carried out using more general statistical
software. The genotypic data were Wrst arranged into a
matrix with columns for every allele at every locus, and
elements equal to the number of copies of that allele (i.e., 0,
1 or 2). Principal components analysis and ordination of the
genotypes based on the variance-covariance matrix of the
data was carried out using NTSYSpc version 2.20 (Rohlf
2006).

For use in cluster analysis and AMOVA, a matrix with
elements equal to half the pair-wise, squared Euclidean dis-
tance between genotypes (Smouse and Peakall 1999) was
also calculated. A dendrogram of the genotypes base on
this squared distance matrix was produced by hierarchical
clustering using the unweighted pair-group method with
arithmetic averages (UPGMA) in NTSYSpc version 2.20
(Rohlf 2006).

AMOVAs were conducted among subpopulations of P.
sativum ssp. sativum that were a priori assigned, based on
geographical origin, to determine any genetic compartmen-
talisation. Calculation of �ST from the squared genetic dis-
tance matrix and testing of its signiWcance by AMOVA was
done using code written in the interactive matrix language
(IML) of SAS version 9.1 (SAS Institute 2004). The
AMOVA structure used is that for genotypic data; one
group of populations and no within individual variation.
SigniWcance of �ST was tested by randomly permuting
genotypes between populations. Several AMOVAs were
conducted on diVerent subsets of the collection and to com-
pare diVerent groups including: (a) between germplasm

sources outside and within China, (b) between winter and
spring sown Chinese germplasm, (c) between all Chinese
provinces excluding Inner Mongolia and Sha’anxi, (d)
between only winter sown provinces, excluding Inner Mon-
golia and Sha’anxi, (e) between spring sown provinces,
excluding Inner Mongolia and Sha’anxi and (f) between
just Inner Mongolia and Sha’anxi provinces.

Private alleles were identiWed between several popula-
tion groups: Between P. sativum accessions from within
China versus outside China; between Chinese spring sown
versus Chinese winter sown P. sativum accessions; and
between the cultivated versus wild germplasm accession.
This was achieved using GenAlEx version 6.1 software
(http://www.anu.edu.au/BoZo/GenAlEx/).

Formulation and testing of a Chinese P. sativum core 
collection based on molecular versus geographic data

A dendrogram was constructed from the microsatellite data
matrix and principle component analysis was conducted to
visualise genetic relationships among only the 1243 Chi-
nese local genotypes as described above. The dendrogram
was cut at a suitable, subjectively chosen point along the
genetic distance scale to identify a meaningful clustering
structure and to select individuals within separate clusters
for a representative core collection.

In order to determine that the Chinese core collection
selected on microsatellite data was an adequate representa-
tion of the larger Chinese collection of 1243 genotypes, the
microsatellite allele frequencies and Wxation indices were
compared. This was done using FSTAT version 2.9.3.2
(Goudet 1995) and POPGENE version 1.32 (Yeh and
Boyle 1997). Another Chinese P. sativum core collection
was selected from the 1243 genotypes based solely on geo-
graphic origin, with genotypes randomly selected as repre-
sentative of each of the provinces. This comprised 146
genotypes, selected randomly and representative of all Chi-
nese provinces.

Results

Microsatellite primer screening and PCR optimization

From the 111 Agrogène® primer pairs screened, 21 were
chosen for reliable ampliWcation and for genotyping the
entire 2120 Pisum accessions (Table 1). In total, 115 alleles
were detected across the 21 microsatellite loci. The 21
SSRs were chosen from initial screening on 12 genotypes
(Table 2). The number of alleles observed per SSR locus
across the 12 geographically diverse genotypes ranged
from one to four with a corresponding range of eVective-
ness and information provided (Table 3).

Table 2 Pisum genotypes used for initial microsatellite primer
screening

a ATC Australian Temperate Field Crops Collection, Australia and G
Institute of Crop Sciences, China
b Source equates to origin where passport data is complete, but if
incomplete equates to donor genebank (Suspect sources have suYxb)

Accession no.a Geographic sourceb Taxon

ATC968 Italy P. sativum subsp. sativum

ATC1502 Turkey P. sativum subsp. sativum

ATC2702 Afghanistan P. sativum subsp. sativum

ATC2706 Mongolia P. sativum subsp. sativum

ATC3988 Kazakhstan P. sativum subsp. sativum

ATC4056 Morocco P. sativum subsp. sativum

ATC4322 Chile P. sativum subsp. sativum

G000041 Henan province, 
China

P. sativum subsp. sativum

G000909 Yunan province, 
China

P. sativum subsp. sativum

ATC36 Ethiopia P. sativum subsp. abyssinicum

ATC1372 Polandb 
(WT 12076)

P. sativum subsp. elatius

ATC3343 United Kingdom P. fulvum
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Genetic diversity and PCA analyses among the 2120 Pisum 
sp. genotypes, to compare world diversity with the 1243 
Chinese local P. sativum genotypes

Cutting the UPGMA-generated dendrogram at a distance of
0.40 along the genetic scale (0–1.0) provided 214 distinct
clusters among the 2120 genotypes (see Supplementary
material Fig. 3). Selection of a single genotype from within
each of the 214 clusters produced a core collection with
only 10% of the individuals from the larger collection.

PCA clearly demonstrated the molecular diVerentiation
of the Pisum genotypes sourced from within China to those
sourced from outside China and held in the ATFCC and
ICS collections (labeled as ‘other’ in Fig. 1). PCA showed
clear diVerentiation of the spring- and winter-sown Chinese
P. sativum genotypes. Further molecular discrimination
was observed using only the Wrst two PCA axes within the
Chinese local P. sativum genotype collection whereby

groups of genotypes originating from Sha’anxi and Inner
Mongolia were formed, as well as groups of winter and
spring sown genotypes (Fig. 2).

AMOVA analyses demonstrated highly signiWcant
molecular diVerence between all of the P. sativum ssp. sati-
vum geographical subpopulations assessed, and at all levels
(P = 0.001). Almost as much variation was detected within
provinces or regions within China (minimum VW = 24.52)
as was detected within populations when germplasm was
sourced outside China as compared to that sourced within
China (VW = 25.51; Table 4).

Construction of a Chinese P. sativum core collection

Placement of a vertical transect at a distance of 0.38 along
the genetic scale (0–1.0) of the microsatellite diversity and
UPGMA-generated dendrogram of the 1243 Chinese local
P. sativum genotypes revealed 146 separate clusters (data
not shown). Subsequently, a single genotype was randomly
selected from within each cluster to produce a microsatel-
lite-based core collection of 146 genotypes. This repre-
sented approximately 12% of the Chinese germplasm and
included all 28 provinces (Table 5).

Characteristics of the Chinese microsatellite-based 
P. sativum core collection

The average gene diversity and allelic richness per locus for
the 146 genotype microsatellite-based Chinese core collec-
tion was similar to or greater (0.67 and 4.81) than that
detected within the entire 1243 genotype Chinese collection
(0.66 and 4.51), and the 146 genotype geographic origin-
based Chinese core collection (0.64 and 4.42). The average
number of alleles sampled per locus was the same (4.95) in
both the microsatellite-based core and the entire Chinese
collection, but greater than that of the geographic-origin
core (4.57; Table 6). This indicated that the microsatellite-
based core (146 genotypes) was a better representative of
the larger Chinese collection (1243 genotypes) than the
geographic origin-based core (146 genotypes).

Genetic distinction of germplasm from within cultivated 
groups of diVerent geographic origin and wild sources

Several private alleles were revealed among individuals
within cultivated germplasm from diVerent geographic ori-
gins, both within and outside China. One of the private alle-
les, only found in the cultivated Chinese germplasm,
occurred at a frequency of 0.217. Also, two alleles were
found that were entirely diVerent among but conserved
within either the winter or spring sown Chinese cultivated
accessions. Private alleles were also found conserved
among cultivated or wild germplasm sources with frequencies

Table 3 Informative measures of the 21 microsatellite loci assessed
among 12 Pisum genotypes used for initial microsatellite primer
screening

a SSR primer pairs provided through the Agrogene®, France, Pisum
sativum microsatellite consortium
b NA Observed number of alleles
c NE EVective number of alleles (Kimura and Crow 1964)
d I Shannon’s information index (Lewontin 1972)

aLocus bNa cNe dI Chromosomal location

PB14 4 3.57 1.33 LG-VII

PSAA18 4 3.60 1.33 LG-II, LG-V

PSAA175 4 3.60 1.33 LG-III, LG-V

PSAC58 3 3.00 1.10 LG-V

PSAC75 4 3.00 1.24 LG-I

PSAA219 1 1.00 0.00 LG-IV

PSAD83 4 2.29 1.07 LG-II

PSAD270 5 4.50 1.56 LG-III

PSAA456 1 1.00 0.00 LG-VII

PSAB23 5 4.45 1.55 LG-V

PSAB47 4 3.60 1.33 LG-I, LG-V

PSAA497 4 4.00 1.39 LG-V

PSAD280 2 2.00 0.69 LG-V

PSAB72 1 1.00 0.00 LG-II

PSAB109 3 2.00 0.87 LG-II

PSAB141 3 2.27 0.95 LG-III

PSAB161 2 1.32 0.41 N/a

AD100 2 1.80 0.64 N/a

AD134 4 2.29 1.07 LG-II, LG-III, LG-VII

AA303 1 1.00 0.00 N/a

AA315 2 2.00 0.69 LG-IV

Mean 3.0000 2.54 0.88

St. dev. 1.3416 1.16 0.53
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ranging from 0.001 to 0.137. This indicated clear genetic
diVerences among the cultivated gene pools within and out-
side China and the potential of genetic isolation. Clear
diVerences were also observed between cultivated and wild
accessions (Table 7).

Discussion

General observations

Microsatellite markers were successfully employed to visual-
ise the genetic variation within a diverse Pisum sp. collection
and a novel set of Chinese local P. sativum ssp. sativum
genotypes and the relationships between them. The Chinese
local P. sativum genotypes were genetically  distinct from
the P. sativum ssp. sativum and the broader Pisum sp. germ-
plasm held within the ATFCC. Thus, the local Chinese
P. sativum ssp. sativum genotypes represent unique germ-
plasm, not previously accessed or utilised outside China.

Chinese P. sativum gene pools

Notably, several genetic groupings were observed within
the Chinese collection. These included groups representing

winter- (CW) and spring-sown types (CS), which had mini-
mal overlap, together with very distinct clusters represent-
ing the Sha’anxi and Inner Mongolian-sourced landraces
(SIM). The geographic origins of the SIM genotypes were
diVerent to those of the CS genotypes, which ranged from
the Xinjiang and Qinghai provinces in north-western China
to the Heilongjiang province in the north-east. Therefore,
the discrimination of the molecular groupings was associ-
ated with broad geographic origin, since winter-sown geno-
types are generally sourced from the ‘southern’ provinces
of China and spring-sown genotypes are sourced from
‘northern’ provinces.

The occurrence of distinct genetic groups of Weld pea
within China detected with microsatellite markers has
remarkable features and possible evolutionary implications.
P. sativum is commonly regarded as having originated in
the Turkey–Iran Fertile Crescent (Ambrose 1995), with
infrequent domestication events at this location as evi-
denced by limited chromosomal diVerentiation (Zohary
1973, 1999). However, the signiWcant diVerentiation of the
Chinese local P. sativum germplasm may indicate genetic
isolation with directional selection, further introgression
from wild relatives, or even independent domestication of
this species outside the Fertile Crescent. The wider genetic
diversity of the gene pool in China and its distinctiveness

Fig. 1 Principal components 
analysis of molecular variation 
among Pisum genotypes within 
and outside China

China Spring
China Winter
Other
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from the rest of the world is remarkable given that the envi-
ronmental and geographical diversity of regions where Weld
peas are cultivated worldwide is at least as large as that
within China (Redden et al. 2005).

DiVerentiation of gene pools in diVerent regions within
cultivated species has been noted in other crops (Islam et al.

2004; Rajaram 1999). This is thought to be associated with
reproductive isolation, due to wide geographic separation,
as well as to non-overlapping ecological adaptation. The
distinct diVerentiation of the Chinese P. sativum genotypes
may in part reXect historic isolation of agriculture in eastern
Asia from that in southern Asia, Europe and northern

Fig. 2 Principal components 
analysis of molecular bivariation 
among Pisum sativum germ-
plasm sourced within China

China Spring

China Winter

Inner Mongolia

Shan'xi

Table 4 Analyses of molecular variance between P. sativum ssp. sativum subpopulations within China and between germplasm sourced within
and outside China

Vw Variance explained between sub-populations within the deWned population, Vb Variance explained within a sub-population within the deWned
population, �st = Vb/(Vb + Vw). SigniWcant �st values were greater than zero (P < 0.01)

Population Sub-populations No. accessions No. sub-populations Vw Vb �st

All P. sativum ssp. sativum China vs. other 1987 2 25.51 2.36 0.09

China (Inner Mongolia and Sha’anxi excluded) Winter vs. Spring sown 772 2 24.52 1.02 0.04

China (Inner Mongolia and Sha’anxi excluded) Province 772 26 22.83 2.53 0.10

China winter-sown provinces (Inner Mongolia 
and Sha’anxi excluded)

Province 450 16 22.83 2.59 0.10

China spring sown provinces (Inner Mongolia 
and Sha’anxi excluded)

Province 322 10 22.82 1.88 0.08

Inner Mongolia and Sha’anxi only Province 472 2 22.45 2.19 0.09
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Africa. Furthermore, the evolution of the very distinct SIM
cluster within China raises questions on whether further
introgression of wild relatives into the P. sativum gene pool
may have occurred. Indeed, the related taxon P. elatius is
sometimes classed within the species P. sativum, and
pressed plant specimens from central Asia are present in the
herbarium at the Vavilov Institute, St Petersburg, Russia
(Redden personal communication, 2006). This suggests a
need for collecting expeditions for wild relatives and
remote landraces in northern and western China, and fur-
ther investigation of the phenotypic and genetic characteris-
tics of these gene pools.

A Chinese P. sativum core collection

Molecular variation within the Chinese local P. sativum
collection was further employed to develop a microsatel-
lite-based core collection, which when tested against the
larger collection was shown to be highly representative.
Such a core will be useful for future conservation, distribu-
tion and utilisation of the seemingly novel variation within
this collection.

The lower allele diversity within the core based solely on
geographic origin indicated that geographic origin alone
was not the optimal way to select representative accessions.

Table 5 Geographic representation within the Chinese P. sativum ssp. sativum germplasm, microsatellie-based core and the geographic origin-
based core collections

Province Chinese local collection 
(1243 genotypes)

Microsatellite-based Chinese 
core collection (146 genotypes)

Geographic origin-based Chinese 
core collection (146 genotypes)

No. of genotypes % of collection No. of genotypes % of collection No. of genotypes % of collection

Winter sown

Anhui 35 2.82 4 2.74 12 8.22

Chongqing 2 0.16 1 0.68 1 0.68

Fujian 1 0.08 1 0.68 1 0.68

Guangdong 7 0.56 2 1.37 1 0.68

Guangxi 14 1.13 1 0.68 2 1.37

Guizhou 37 2.98 5 3.42 13 8.90

Henan 49 3.94 7 4.79 9 6.16

Hubei 46 3.70 5 3.42 8 5.48

Hunan 6 0.48 2 1.37 1 0.68

Jiangsu 2 0.16 1 0.68 2 1.37

Jiangxi 2 0.16 1 0.68 2 1.37

Shanghai 12 0.97 3 2.05 1 0.68

Sichuan 177 14.24 22 15.07 12 8.22

Taiwan 3 0.24 3 2.05 1 0.68

Yunnan 55 4.42 11 7.53 11 7.53

Zhejiang 1 0.08 1 0.68 1 0.68

Sub-total 449 36.12 70 47.95 78 53.42

Spring sown

Beijing 15 1.21 4 2.74 4 2.74

Gansu 33 2.65 3 2.05 12 8.22

Hebei 2 0.16 1 0.68 2 1.37

Heilongjiang 1 0.08 1 0.68 1 0.68

Inner Mongolia 263 21.16 15 10.27 11 7.53

Liaoning 7 0.56 2 1.37 1 0.68

Ningxia 3 0.24 1 0.68 2 1.37

Qinghai 189 15.21 19 13.01 9 6.16

Shanxi 19 1.53 2 1.37 7 4.79

Sha’anxi 209 16.81 17 11.64 14 9.59

Tibet 45 3.62 8 5.48 2 1.37

Xinjiang 8 0.64 3 2.05 3 2.05

Sub-total 794 63.88 76 52.05 68 46.58

Total 1243 100 146 100 146 100
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This may indicate that rare microsatellite alleles are found
only in certain provinces and not evenly distributed across
China. Thus, by selecting core members on origin alone,
potentially rare but important genetic variation may be
missed. Indeed, this is clear when examining the diVerences
in amounts of variation identiWed from within each of the
provinces (Table 4).

Novel P. sativum germplasm for future breeding objectives

The Wnding of genetically distinct gene pools (including
private alleles) within domestic Weld pea potentially has
signiWcant implications for breeding and future genetic
improvement. In wheat, two-way introgression between the
winter and spring wheat gene pools led to wider access to
allelic diversity for both disease resistance and for quantita-
tive traits associated with adaptation and expression of
increased yield (Fuentes-Davila et al. 1995; Rajaram 1999).
In common bean, the Andean gene pool was found to be
narrow, and large beneWts should be gained from introgres-
sion from the Meso-American gene pool (Islam et al.

2004). In lentil, not only was there a founder eVect and
restricted genetic variability brought into the domestic gene
pool, but further narrowing of the gene pool occurred with
adaptation to specialized environments such as in Nepal
and Bangladesh (Erskine 1997; Erskine et al. 1998; Fergu-
son et al. 1998b). A widening of the lentil gene pool in the
breeding program for these countries has been very beneW-
cial for yield improvement (ICARDA 2001; Erskine et al.
1998).

There has already been exchange of both pea germplasm
from the ATFCC gene bank and the Australian pea breed-
ing program to China, and a geographic core collection of
Chinese landraces has been provided to Australia. In both
countries, widening of their respective breeding gene pools
with germplasm from the other has begun. This understand-
ing of genetic diversity can now lead to a more systematic
utilization of respective gene pools both for novel alleles
for major gene traits such as disease resistances and abiotic
stress tolerance, and quantitative expressions for adaptation
and grain yield. These molecular studies provide an exam-
ple of clariWcation of diversity relationships through use of

Table 6 Gene diversity, allele richness and number of alleles sampled at each microsatellite loci assessed among the microsatellite-based core,
the geographic origin-based core and the larger local Chinese genotype collection (1243)

Per locus 
measures

Gene diversity Allelic richness No. alleles sampled

Locus Microsatellite 
core

Geographic 
core

1243 
collection

Microsatellite 
core

Geographic 
core

1243 
collection

Microsatellite 
core

Geographic 
core

1243 
collection

PB14 0.67 0.64 0.67 3.00 3.00 3.00 3 3 3

PSAA18 0.76 0.63 0.69 5.00 4.00 5.00 5 4 5

PSAA175 0.73 0.74 0.69 4.86 4.99 4.86 5 5 5

PSAC58 0.72 0.77 0.76 7.59 7.49 6.48 8 8 8

PSAC75 0.81 0.75 0.79 7.90 6.17 7.39 8 7 8

PSAA219 0.58 0.63 0.64 4.00 4.00 4.00 4 4 4

PSAD83 0.71 0.68 0.66 4.00 4.00 4.00 4 4 4

PSAD270 0.80 0.77 0.77 7.84 6.29 6.64 8 7 8

PSAA456 0.64 0.64 0.56 4.00 3.96 3.90 4 4 4

PSAB23 0.76 0.78 0.76 4.98 5.00 4.96 5 5 5

PSAB47 0.55 0.53 0.60 4.97 4.95 4.77 5 5 5

PSAA497 0.66 0.67 0.68 4.00 4.00 4.00 4 4 4

PSAD280 0.74 0.70 0.74 5.78 4.99 5.13 6 5 6

PSAB72 0.69 0.70 0.66 4.00 4.00 3.94 4 4 4

PSAB109 0.70 0.66 0.68 5.00 4.86 4.96 5 5 5

PSAB141 0.40 0.35 0.44 3.67 2.74 2.93 4 3 4

PSAB161 0.64 0.71 0.69 4.00 4.00 4.00 4 4 4

AD100 0.59 0.51 0.53 3.00 2.00 2.99 3 2 3

AD134 0.73 0.67 0.69 4.93 4.68 4.67 5 5 5

AA303 0.62 0.55 0.60 5.91 4.00 5.01 6 4 6

AA315 0.48 0.42 0.51 3.98 3.80 3.82 4 4 4

Mean 0.67 0.64 0.66 4.81 4.42 4.51 4.95 4.57 4.95
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molecular markers, which would otherwise have been very
diYcult to demonstrate with phenotypic analysis alone.
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