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It is wide ly recognized t h a t the genetic diversity of cul t ivated p lan ts has na r rowed as a resul t of 
t housands of years of domes t ica t ion and associated bot t lenecks . To avoid a pe rmanen t loss of diversity, 
conservat ion of p lan t genetic resources in the form of ex si tu collections w a s pioneered by N.I. Vavilov 
(1). This activity has resul ted in several million c rop accessions being held in several h u n d r e d ge rmplasm 
collections, including gene banks (2). In the case of pea (Pisum), the genus on w h i c h m o d e r n genetics w a s 
founded, several large ge rmplasm collections are main ta ined w o r l d w i d e (Table 1). More t h a n ever, we are 
aware of the danger of diversity loss l inked to cul t ivat ion of a l imited n u m b e r of high-yielding varieties 
from a small n u m b e r of locations. Moreover, we are aware of the benefits resul t ing from the exploi ta t ion 
of older varieties, landraces and even wi ld c rop relatives for breeding new varieties to cope w i t h 
envi ronmenta l and demographic changes (3). Consequent ly , w i t h i n the last t w o decades the s tudy of 
genet ic diversity for b o t h ge rmplasm management and breeding has received m u c h a t tent ion. 

T a b l e 1 : F x situ n p r m n l a s m c o l l e c t i o n s o f Pisum w i t h h o l d i n g s i n e x c e s s o f 1 0 0 0 a c c e s s i o n s . 

Code 
VIR 
BAR 
SAD 
NGB 
CGN 
ATFC 
ICARDA 
GAT 
ICAR 
USDA 
JIC 
WTD 
INRA 
UKR 
CZE 
HUN 

Country 
Russia 
Italy 
Bulgaria 
Sweden 
The Netherlands 
Australia 
Syria 
Germany 
China 
USA 
UK 
Polland 
France 
Ukraine 
Czech Republic 
Hungary 

p 
Institute A 

N.I. Vavilov Research Institute of Plant Industry, St. Petersburg 
Istituto del Germoplasma, Bari 
Institute of Plant Introduction and Genetic Resources, Sadovo 
NordGen, Nordic Genetic Resource Centre, Alnarp 
Centre for Genetic Resources, Wageningen 
Australian Temperate Field Crop Collection, Horsham 
International Center for Agricultural Research in the Dry Areas, Aleppo 
Leibniz Institute of Plant Genetics and Crop Plant Research, Gaterleben 
Institute of Crop Sciences, CAAS China 
Plant Germplasm Introduction and Testing Research Station, Pullman 
John Innes Centre, Norwich 
Plant Breeding and Acclimatization Institute Blonie, Radzikow 
INRA, Station de Genetique et d'Amelioration des Plantes, Dijon 
Yurjev Institute of Plant Breeding, Kharkov 
AGRITEC, Research, Breeding and Services Ltd., Sumperk 
Institute for Agrobotany, Tapioszele 

umber of 
ccessions 
6790 
4297 
2787 
2724 
1008 
6567 
6105 
5336 
3837 
3710 
3194 
2899 
1891 
1671 
1273 
1188 

F 
Web site 

http://www.vir.nw.ru/data 
http://www.ba.cnr.it/areagg34/germoplasma 
http://www.genebank.hit.bg 
http://www.ngb.se/sesto 
http://www.cgn.wur.nl/pgr/ 
http://www2.dpi.qld.gov.au/extra/asp/AusPGRIS 
http://www.icarda.cgiar.org 
http://fox-serv.ipk-gatersleben.de/ 
http://icgr.caas.net.cn/cgris 
http://www.ars-grin.gov 
http://www.jic.ac.uk/GERMPLAS/pisum 
http://www.ihar.edu.pl/gene_bank/ 
http://www.dijon.inra.fr 
http://www.bionet.nsc.ru 
http://genbank.vurv.cz/genetic/resources 
http://www.rcat.hu 

Thus , in order to facilitate Pisum sp. ge rmplasm management and increased efficiency of use, a core 
collect ion is being developed unde r the concep t p roposed by Frankel and Brown (4). Also, for breeding i t 
is impor t an t to k n o w the genetic background of cultivars, especially w h e t h e r they have become too 
na r row in diversity to render crops more vulnerable to diseases or pests . Accessions genetically d is t inc t 
from others are likely to con ta in the grea tes t n u m b e r of novel alleles w h i c h can be exploi ted in breeding. 

G e r m p l a s m accessions are classified based on k n o w n pedigree, passpor t da ta and morphological 
descr ip tors w h i c h are current ly the only marke r type accepted by the In ternat ional Un ion for the 
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Protec t ion of New Varieties of p lan ts (UPOV). However , in recent years the genetic s t ruc tu re of major 
pea ge rmplasm collections have been invest igated by several molecular marke r platforms, including 
microsatel l i te and re t ro t ransposon-based markers . In part icular , Simple Sequence Repeats (SSRs or 
microsatel l i tes) have been popu la r for assessing Pisum genetic diversity because of the i r h igh 
po lymorph i sm and information conten t , co-dominance and reproducibi l i ty (5, 6, 7, 8) . A potent ia l , b u t 
largely neglected, p r o b l e m using SSRs to character ize highly diverse germplasm, is size homoplasy and 
the possibil i ty of back -muta t ion exhib i ted by this marker type (9). 

Alternately, marke r systems based on re t ro t ransposon inser t ion po lymorph i sm have been extensively 
used for phylogeny and genetic re la t ionship s tudies in pea. Re t ro t ransposon-based inser t ional 
po lymorph i sm (RBIP) based on presence a n d absence of specific inser t ions provides a highly specific, 
reproducible and easily scorable m e t h o d suitable for deeper phylogeny and diverse ge rmplasm s tudies 
(10, 11). High copy re t roelements were successfully appl ied as markers in the mul t ip lex IRAP-PCR 
( In te r -Re t ro t ransposon Amplified Polymorphism) format (12) sui table for fast variety fingerprinting. 

Using these markers several major wor ld pea ge rmplasm collections have been analyzed and core 
collections formed. Collections w h i c h have been charac ter ized include, 1) 1200 pea accessions of Chinese 
origin con ta ined w i t h i n a larger set of over 2000 accessions were analyzed by 21 SSR loci (13), 2) 310 of 
5394 USDA pea ge rmp la sm accessions were assessed w i t h 37 RAPD and 15 SSR markers (14), and 3) 
INRA France used an extensive set of 121 pro te in and SSR markers to genotype 148 accessions (5, 7, 8). In 
addi t ion, a pea collect ion (~100 accessions) held by the C r o p Development Cen te r in Saskatoon, 
Saska tchewan, Canada w a s s tud ied using RAPD, ISSR and SSR (15) and the entire J I C pea ge rmplasm (~ 
3,500 accessions), compr ised largely of expedi t ion collections, w a s analyzed using 45 RBIP markers (Jing 
et al. in prepara t ion) . Finally, over 1,400 pea accessions held by the Czech Nat ional Pea Germplasm 
collect ion were geno typed us ing a combina t ion of RBIP and SSRs (16). This la t ter s t udy has s h o w n t h a t 
b o t h SSRs and RBIPs have high information con ten t and offer comparable diversity measurements . This 
is an impor t an t finding since SSRs, in spi te of having mul t ip le alleles, are more difficult to transfer 
b e t w e e n labs a n d RBIPs are more transferable. Al though SSR and RBIP marke r types are widely used, 
the i r po ten t ia l is limited. Advances in model legume sequencing and increased knowledge of the legume 
genome there has been a shift to gene-based markers in pea (11). This t r end is expec ted to cont inue w i t h 
rapid advances in h igh t h r o u g h p u t single-nucleotide po lymorph i sm (SNP) de tec t ion assays based on 
nex t genera t ion sequencing technologies (17). These provide powerful platforms w i t h the po ten t ia l for 
rapid genomic charac ter iza t ion of t housands of diverse pea genotypes provided adequate resources a n d 
s u p p o r t are available. 

Improvements in marke r me thods have been accompanied by refinements in computa t iona l me thods 
to convert original raw da ta into useful representa t ions of diversity and genet ic s t ruc ture . The initially 
and still largely used dis tance-based me thods (18) have been challenged by model -based Bayesian 
approaches . The incorpora t ion of probabil i ty, measures of suppor t , ability to accommodate complex 
models and various data types (19, 20, 21, 22) make Bayesian approaches more at t ract ive and powerful. 

A large body of molecular data has been p roduced for ge rmplasm collections and has been 
subsequent ly subjected b o t h to genetic d is tance analysis and/or model-based Bayesian diversity analyses. 
However , after data processing, further use of such da ta is highly limited, especially in the absence of 
cross-compar ison b e t w e e n collections. Fur thermore , mos t of these accessions have been evaluated for 
morphological , agronomic and phytopathologica l t ra i ts giving the da ta added value to the scientific and 
breeding communi t ies . 

Pisum r anks four th among the wor ld ' s mos t impor t an t gra in legumes yet does no t feature as a 
manda te c rop w i t h i n the CGIAR system. In recent t imes an in ternat ional conso r t ium (PeaGRIC) w a s 
formed to coordinate the in ternat ional Pisum research communi ty (23). Among the objectives of this 
conso r t i um is the combining of available da ta sets into a vir tual global collection and the development of 
a d ispersed in ternat ional reference collection. We feel the t ime is r ight for the es tab l i shment of a virtual, 
pea w o r l d core collection combining suitable molecular platforms w i t h robus t morphological parameters 
to address popu la t ion s t ruc ture and allow be t t e r c ross-compar ison of results. Exist ing examples of such 
wor ldwide core collections include the 372 w h e a t accessions chosen from abou t 4000 w h i c h were 
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val idated to represent sufficient genetic diversity of the c rop (24) . In these lines we have already in i t ia ted 
RBIP markers analysis of Chinese-Mongol ian origin pea accessions from core set (13), w h i c h wil l provide 
compat ibi l i ty to J I C and Agritec ge rmplasm data. As proposed, such a collection w o u l d provide a useful 
and powerful resource for the nex t genera t ion markers such as single nucleot ide po lymorphims (SNPs) 
and for phenotyp ic analysis of agronomic trai ts . These w o u l d act as toolki ts for associat ion mapping , a 
s t ra tegy to gain ins ight on genes and genomic regions under lying desired t ra i ts (25). Compared to 
convent ional l inkage-mapping, based on t ime-consuming mapp ing popu la t ion development ; l inkage 
d isequi l ibr ium (LD)-mapping, using the n o n - r a n d o m associat ions of loci in haplotypes , is a powerful 
h igh-resolut ion mapp ing tool even for complex quant i ta t ive trai ts . In con t ras t to b iparenta l crosses, the 
higher resolut ion and the possibil i ty of historical t ra i t da ta exploi ta t ion indicate t ha t th is app roach has 
enormous po ten t ia l in c rop breeding and genetics. The prerequis i tes include a collect ion of accessions 
w i t h a w i d e coverage of the available and exis t ing genetic diversity, recording the phenotyp ic 
character is t ics and finally genome-wide genotyping (25). 

One very impor t an t issue is the depos i t ion and availability of molecular, agronomical , and 
morphological t ra i t data. So far, data held at the na t ional level has no t been broadly accessible. Al though, 
the European EURISCO W e b catalogue main ta ined by Biodiversity In ternat ional and the USDA 
Nat ional Plant G e r m p l a s m System provide information of a round t w o mill ion accessions, th is 
information is largely passpor t -based , t h u s limited. There is an a t t e m p t to develop and use database 
systems t h a t wil l br ing toge ther passpor t , morphological and genotype da ta t h a t wi l l improve b o t h 
ge rmplasm management as wel l as enable da ta explora t ion across a w ide range of da ta types. The 
example of such depos i t ion can be seen at PANZEA (h t tp : / /www.panzea .o rg) for maize or SoyBase 
(ht tp: / /soybase.org) for soybean. In the case of the SoyBase, a Breeders Too lbox w a s already developed, 
providing a genetic m a p along w i t h QTLs for related trai ts . Important ly , the G E R M I N A T E 
(ht tp: / /bioirf .scr i .ac.uk/germinate_pea/ /app/index.pl) da tabase (26) provides original RBIP-marker 
scores for the entire J I C pea collect ion w i t h an interactive search interface. 

Defining a pea core and a set of markers (SSR, RBIP and for the future - SNPs) can provide a basis for 
compar i son of phenotypic and molecular analyses w h e n only a pa r t of this core and or identified markers 
are used, i.e. m o d e r n stat is t ical procedures allow combina t ion of da ta from part ia l inclusion from a core 
and par t ia l inclusion of c o m m o n markers . In this case many different s tudies can be combined and each 
new s tudy incremental ly adds to the vir tual wor ld da tabase w i t h par t ic ipa t ion of many different 
scient is ts wor ldwide . Phenotypic data from different sources can be conver ted to s t anda rd normal 
variates or conver ted into 1 - 9 scales for quant i ta t ive data to enable search engines to compare da ta from 
many sources. The idea is to provide an initial select ion of genotypes / landraces for more detai led 
research / validation. Immediate s teps should include an analysis of c o m m o n reference accessions across 
the major diversity da tase t s and adop t ion of a c o m m o n set of markers appl ied across the developed pea 
core sets, a c o m m o n set of check cultivars for future genotyping, toge ther w i t h the exchange and 
depos i t ion of b o t h molecular and agronomic data. This wil l enable the creat ion of a vir tual w o r l d w i d e 
pea ge rmp la sm resource for c o m m o n benefit. 

Acknowledgements: The w o r k on C z e c h pea ge rmplasm w a s suppo r t ed by the Minis t ry of Educa t ion of the 
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