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Ab stract

In the last 30 years, dis ease pres sure has com pelled sugar beet breed ers to uti lize other cul -
ti vated beets and wild rel a tives as ge netic re sources, de spite the re luc tance of ear lier breed ers,
who had avoided these sources due to the many un de sir able traits introgressed with the re sis -
tance genes. In the U.S., pub lic breed ers do much of the sugar beet prebreeding. The de vel op -
ment of mo lec u lar bi ol ogy has im pacted both the meth od ol ogy and ob jec tives of this germplasm
en hance ment ef fort. While introgressing genes; marker de vel op ment, gene map ping, and gene
dis cov ery in creas ingly are be com ing ad di tional goals of the prebreeding ef fort. For ex am ple, the
dis cov ery of the ver nal iza tion gene in sugar beet, BvFL1, was part of a pro ject to use mo lec u lar
mark ers to un der stand the ge netic vari a tion pres ent in pop u la tions of wild sea beet. Other wild
beet pop u la tions, used as dis ease re sis tant do nors, are pro vid ing one par ent in map ping pop u la -
tions to indentify in di vid ual genes or QTLs re spon si ble for that source of re sis tance. As ge netic
re sources pro vide new sources of ge netic vari a tion in com mer cial va ri ety de vel op ment, breed ers
also are de vel op ing the pop u la tion struc ture and in for ma tion nec es sary to en able genomic and
proteomic anal y ses of the ge netic re sources avail able to sugar beet breed ers. The iden ti fi ca tion of 
ma jor genes within other sec tions of Beta, (or other taxa) fa cil i tates trans gen ic ap proaches to dis -
ease re sis tance. This prebreeding ef fort has in creased the use of wild rel a tives as ge netic re -
sources and un der scores the need for these pop u la tions in our genebank col lec tions.

Key words: Beta vulgaris, dis ease re sis tance, Beta vulgaris ssp. maritima, ge netic re sources,
sugarbeet

In tro duc tion

By the mid dle of the 20th cen tury, in re sponse to the mech a ni za tion of ag ri cul ture, the cul ti -
va tion and pro duc tion of sugar beet (Beta vulgaris L.) had un der gone tre men dous changes (Fran -
cis, 2006). Seed com pa nies had moved from open-pol li nated and anisoploid va ri et ies to true hy -
brids us ing the cy to plas mic male ste ril ity and ge netic fer til ity res to ra tion sys tem de vel oped by V.
F. Owen with monogerm O-type maintainer lines (Desprez & Desprez, 1993; Owen, 1945;
Savitsky, 1952a; Savitsky, 1952b). As the area cul ti vated grew, so did the need for in creased re sis -
tance to pests (Lewellen, 1992). How ever un til the 1980s, the un de sir able traits from wild and
other do mes ti cated beet groups – col ored pig ments in the root, mul ti ple crowns, sprangled roots
(dif fi cult to har vest, soil tare), an nual life cy cle, and low su crose con cen tra tion and extractability
– cre ated a re luc tance to use this pool of ge netic re sources for dis ease re sis tance (Coons, 1975;
Frese et al., 2001; Lewellen, 1992; Panella & Lewellen, 2005). The one no ta ble ex cep tion was the
suc cess of Otavio Munerati, who used wild sea beet (Beta vulgaris sub spe cies maritima (L.)
Arcang. – Bvm) germplasm in It aly as a source of re sis tance genes for pro tec tion against leaf spot
(caused by Cercospora beticola, Sacc.) (Munerati et al., 1913).

A num ber of events in the 1980s paved the way for in creased use of wild sea beet and other
do mes ti cated beet groups (re ferred to here af ter as ‘ex otic germplasm’) as ge netic re sources in
sugar beet im prove ment. In the U.S., the USDA-ARS Sugar Beet Crop Ad vi sory Com mit tee be -
gan an ag gres sive pro gram of eval u a tion of ex otic germplasm for re sis tance to im por tant sugar
beet pests and dis eases (Doney, 1998; Panella & Lewellen, 2007). Con cur rently, in Eu rope, N. O.
Bosemark’s (1989) the o ret i cal breed ing scheme was ex panded and in te grated into com mer cial
and pub lic pro grams in Eu rope and the U.S. (Frese et al., 2001; Panella & Lewellen, 2007). The
World Beta Net work, founded un der the aegis of the IPGRI in 1987 (Frese, 1990), joined by the
ECPGR Beta Working Group, be gun in 1998 (ECPGR-BWG, 2008), have pro vided the frame -
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work for in ter na tional col lab o ra tion and co op er a tion. Then, be tween 1996 and 2002, Eu ro pean
pro ject part ners (re search ers and seed com pa nies) col lab o rated in germplasm eval u a tion and
data doc u men ta tion in the GENRES CT95 42 pro ject (Panella & Frese, 2003).

Along with the in creas ing introgression of genes from ex otic sugarbeet ge netic re sources,
the last fif teen years has seen a tre men dous in crease in the tools avail able for ge netic anal y ses.
Link age map ping has grown from the use of isozymes (Abe & Tsuda, 1987) to full ge nome maps
(Barzen et al., 1992; Grimmer et al., 2007b; McGrath et al., 2007b; Schnei der et al., 2007); there are
a pleth ora of mo lec u lar mark ers avail able and the pos si bil ity of full ge nome and proteome anal y -
ses is be ing re al ized (Catusse et al., 2008; Larson et al., 2007; Larson et al., 2008; Puthoff &
Smigocki, 2007). There is no room here to ad e quately re view this lit er a ture as is seems to be
grow ing ex po nen tially, and re viewed an nu ally (Bosemark, 2006; McGrath et al., 2007a; McGrath
& Skaracis, 2005; Zhang et al., 2008). In creasing ac cess to these tech nol o gies is im pact ing the way
we eval u ate and use ge netic re sources.

How are Mo lec u lar Tech nol o gies Be ing Used in Prebreeding?

First, what is meant by prebreeding? If we look at the uti li za tion of ge netic re sources as a
pipe line from the ge netic re source to the re lease of a cultivar to the farmer (fig ure 1), we see that
the pre-breed ing step is cru cial, if the ac ces sions in our genebanks are to be used by com mer cial
seed com pa nies. It is in this step that the un-adapted germplasm is eval u ated, and bred into a ge -
netic back ground that al lows it to fit into a com mer cial breed ing pro gram, which op er ates un der
the con straint of meet ing short term goals (Stander, 1993).

Fig ure 1. In the US, the uti li za tion of sugar beet ge netic re sources flows from the genebanks through
the USDA-ARS pub lic breeder to the com mer cial seed com pany, which pro duces the va ri et ies that
reach the farmer. Uti li za tion of ge netic re sources de pends upon the prebreeding step to al low com -
mer cial breed ers to ac cess the ge netic di ver sity avail able in our genebanks in a ge netic back ground

that they can use.

The prebreeding pro cess is a long-term pro ject, which, in sugar beet, may re quire 10 to 15
years of pa tient work; and, in the U.S., is ac com plished by USDA-ARS pub lic breed ers (Doney,
1998; Panella & Lewellen, 2007). Much of this work has been done by cross ing into long range
pop u la tions us ing the re cur rent se lec tion method de scribed by Bosemark (1989). In sugarbeet,
prebreeding has been used to introgress dis ease (Camp bell & Bugbee, 1993; Lewellen &
Schrandt, 2001) and pest (Lange & De Bock, 1994) re sis tance, plant ar chi tec ture traits (Theurer,
1993), and com bin ing abil ity (Doney, 1993). How ever with new tools avail able, com mer cial
breed ers want as much in for ma tion as pos si ble to more quickly uti lize the en hanced germplasm
they are re ceiv ing from the pub lic breed ers. In for ma tion on in her i tance al ways has been im por -
tant and some new sources of re sis tance have been pro vided in a for mat to al low mo lec u lar (or
tra di tional) ge netic anal y ses – e.g., dif fer ent sources of re sis tance backcrossed into a common
genetic background (Lewellen, 1998).

Mo lec u lar mark ers of ev ery kind are be ing used more com monly in breed ing pro grams,
and, with marker as sisted se lec tion, genes can be more ef fi ciently introgressed. Pub lic
prebreeding pro grams uti lize breed ing schemes that fa cil i tate germplasm en hance ment con cur -
rent to mo lec u lar marker dis cov ery in the pop u la tions in which they are work ing. More marker
dis cov ery is tak ing place on the hy brid from the ex otic source and sugar beet par ent. (Friesen et
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al., 2006; Grimmer et al., 2007a)Ob vi ously if a new source of re sis tance can be pro vided to a com -
mer cial seed com pany with a marker in hand, or the pop u la tion struc ture from which to quickly
ex tract the marker, that germplasm is of more value.

Char ac ter iz ing and Eval u at ing Ge netic Re sources

Eval u a tion of germplasm con tin ues to be crit i cal in iden ti fy ing those ac ces sions that have
genes of in ter est. This is clearly il lus trated in the screen ing for pest and dis ease re sis tance, men -
tioned in the in tro duc tion, and, over time work has been done on the de vel op ment of dis ease
screen ing tech niques, in the field, green house, and lab o ra tory (e.g., (Azorova & Subikova, 1996;
Büttner et al., 2004; Panella, 1998; Panella, 2000; Ruppel et al., 1979; Ruppel & Gaskill, 1971;
Scholten et al., 2001; Scholten & Lange, 2000). Eval u a tion meth od ol ogy is an other piece of in for -
ma tion that com mer cial seed com pa nies want with en hanced germplasm – how to screen for the
phe no type en hanced in that germplasm.

As we at tempt to uti lize ex otic germplasm, es pe cially wild rel a tives of sugar beet, it is im -
por tant to char ac ter ize and un der stand the ge netic di ver sity of those pop u la tions. Mo lec u lar
mark ers pro vide a use ful tool to sup ple ment char ac ter iza tion by mor pho log i cal traits and dis ease
re sponse. Al though neu tral mark ers may be used to quan tify di ver sity, in look ing at ge netic di -
ver sity with mo lec u lar mark ers, it is crit i cal to look at ag ri cul tur ally im por tant traits. In sugar
beet, life his tory – an nual or bi en nial – is such a trait. In a study of Bvm ge netic di ver sity along the
At lan tic coast of France, we were able to iden tify and char ac ter ize a key ver nal iza tion reg u la tory
gene, BvFL1, mined from an EST da ta base (Reeves et al., 2007). This dis cov ery is not only use ful
in char ac ter iz ing those pop u la tions but has tre men dous re search and com mer cial ap pli ca tions.

Gene dis cov ery, be it in wild or do mes ti cated pop u la tions, pro vides a new way to char ac ter -
ize ge netic re sources as well as pro vid ing the most use ful marker – the gene it self. Sin gle nu cle o -
tide polymorphisms (SNPs) within genes (and hav ing a phenotypic ef fect) will be come more
com mon and more use ful as we char ac ter ize them and un der stand their pleiotropic ef fects. They
are a use ful tool to de scribe al leles and mea sure allelic di ver sity. Al ready, im por tant prog ress is
be ing made in de vel op ing use ful SNPs in sugar beet (Grimmer et al., 2007b; Schnei der et al.,
2007).

How will the chang ing tech nol o gies im pact prebreeding?

As more mark ers (pro tein or DNA) are de vel oped, and more genes in flu enc ing im por tant
traits are cloned and char ac ter ized, prebreeders will be introgressing char ac ter ized genes rather
than em pir i cal phe no types. They also will be go ing out of sugar beet’s pri mary genepool and into
the sec ond ary and ter tiary gene pools (Harlan & de Wet, 1971) be cause trans gen ic ap proaches
will al low in ser tion of genes di rectly into elite sugar beet par ents (as well as into other crops).
Eval u a tion will not be con cen trated only on whether the trait is pres ent but on the bio chem is try
and phys i ol ogy of how a par tic u lar phe no type is man i fested. Map ping genes is im por tant, but
more im por tant may be the dis cov ery and knowl edge of allelic di ver sity and allelic in ter ac tions
(at crucial loci) and their effects on phenotype.

Ac cu rately screen ing germplasm will be im por tant not only in de ter min ing the mag ni tude
of the allelic ef fect at spe cific loci but also in un der stand ing the pleiotropic ef fects of allelic in ter -
ac tions at dif fer ent loci. Char ac ter iza tion and ba sic re search will play a larger role in the
prebreeding pro cess be cause knowl edge of the ge netic com po si tion of ge netic re sources will be -
come more im por tant in mak ing breed ing de ci sions. This knowl edge is what the seed com pa nies
will need to de cide which sources of a gene or genes to use developing their commercial hybrids. 

These changes will also im pact the way our genebanks and ge netic re sources da ta bases are
used. Cur rently, as men tioned above, Beta ge netic re sources are well char ac ter ized for a num ber
of im por tant mor pho log i cal, ag ro nomic and dis ease re sponse descriptors (Panella & Frese,
2003). In the fu ture we will need descriptor data from mo lec u lar anal y ses. It will be im por tant to
de scribe allelic di ver sity within an ac ces sion, not just among ac ces sions. To de scribe gene and al -
lele fre quen cies, it will be nec es sary to en ter in di vid ual plant data into our genebank da ta bases to
de scribe the ac ces sions. For tu nately our genebanks are mov ing in that di rec tion (Volk & Rich -
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ards, 2008). I think that the im por tance of prebreeding and the close work ing re la tion ship be -
tween prebreeders and genebanks is sum ma rized well by JR Stander (1993):

“The broad en ing of the ge netic base of crops re quires a sys tem of well main tained
and ap pro pri ately de scribed col lec tions. Clas si fi ca tion, char ac ter iza tion, and
pre-breed ing of ma te rial in col lec tions will greatly stim u late their use by pri vate plant 
breed ers. In the ab sence of these ac tiv i ties pri vate breed ers will, in gen eral, con tinue
to ig nore the col lec tions.”
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