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A M E R I C A N  J O U R N A L  O F  B O T A N Y

N E W S  &  V I E W S

                      Th e world’s food production systems must keep up with an ever-
increasing demand in spite of the challenges caused by climate 
change and environmental degradation. To meet this challenge, 
plant breeders must have access to genetic diversity for crop im-
provement. However, genetic homogeneity in the handful of major 
crops that feed the world limits options for breeding progress 
( Swaminathan, 2009 ). Wild and landrace relatives of crop plants 
provide much needed diversity and are maintained in gene banks 
worldwide ( McCouch, 2013 ). Th is germplasm resource is under-
used by breeders, mainly because genotypic and phenotypic data 
are limited. However, using rapidly developing genomics resources, 
breeders are unlocking the genetic potential in gene banks and 
making remarkable advances ( Tanksley and McCouch, 1997 ). 

 Morphological traits and neutral genetic markers are commonly 
used to characterize germplasm collections, with the goal of im-
proving the value of these collections to breeders ( Brown, 1989 ). 
Morphological and neutral marker data provide the foundation for 
the assembly of a core collection, defi ned as a subset of a germplasm 
collection intended to represent the entire collection. Th e concept 
of a core collection assumes that the core has some utility for plant 
improvement. Th at is, the core collection is maximally diverse and 
is useful for breeding. Evaluating the core collection for key traits 
should also have some level of predictability for the rest of the col-
lection based on the relatedness of core accessions to other acces-
sions in the collection. 

 It has been recognized for many years that morphological traits 
do not always provide a good measure of genetic values and may 
not accurately reveal the genetic variation in a germplasm collection 

( Tanksley and McCouch, 1997 ). Consequently, neutral molecular 
markers have become popular because they are thought to more 
accurately refl ect genetic relationships in germplasm collections 
( Ebana et al., 2008 ). But genetic relatedness measures based on 
neutral markers may not predict similarity in trait values or paren-
tal performance. Th e patterns of allelic variation in a species may be 
very diff erent for neutral markers compared with genes under se-
lection. Based on a meta-analysis,  McKay and Latta (2002)  argued 
that allele frequencies at neutral and selected loci are not correlated 
because evolutionary forces act diff erently on them. A meta-analysis 
by  Reed and Frankham (2001)  showed only weak correlation be-
tween neutral molecular markers and quantitative measures of 
variation.  Reeves, Panella, and Richards (2012)  found that genetic 
variation at loci of agronomic interest in core collections assembled 
using neutral diversity may be lower than in collections assembled 
at random. In addition, neutral genetic markers identifi ed in single 
populations or breeding lines may have signifi cant ascertainment 
bias, which makes them unrepresentative of the full range of func-
tional genetic diversity in the species ( Moragues et al., 2010 ). 

 Our breeding research in potato has revealed a remarkably 
unexpected result that has led us to question the value of morpho-
logical diversity as a proxy for overall genetic diversity. We assessed 
an F 

2
  population created by self-pollinating an F 

1
  clone from a cross 

between two diploid (2 n  = 2 ×  = 24) potato clones: DM, a completely 
homozygous clone derived from somatically doubling an andro-
genic monoploid of a cultivated potato, and M6, a highly inbred 
clone derived from seven generations of self-pollination of the 
wild diploid potato relative  Solanum chacoense.  We evaluated the 
F 

2
  population for a variety of morphological features including 

tuber size, shape, and eye depth; skin and flesh color; and dry 
matter content. Phenotypic segregation in this F 

2
  population is 

astounding ( Fig. 1 ).  Th e tuber shape and color variability derived 
from self-pollinating a single diploid F 

1
  plant approaches that of 

the landrace collections maintained in potato genebanks ( Spooner 
and Hetterscheid, 2005 ) ( Fig. 1 ). 
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  FIGURE 1  Tuber shapes and colors in the F 
2
  population of DM1-3  ×  M6.   

 Th e International Potato Center (Centro Internacional de la Papa, 
CIP) maintains the world’s largest collection of potato, with 4354 
landrace accessions from all the cultivated species and 2520 acces-
sions of wild relatives of potato. Th e catalog of potato varieties main-
tained by the International Potato Center ( https://research.cip.cgiar.
org/red_varie/pages/home.php ; accessed 04/06/2015) provides a list 
of morphological descriptors used for potato, and tuber morphology 
is a major character to infer diversity among potato landraces. 

 Th e phenotypic variation seen in our F 
2
  population originated 

from a single diploid plant, derived from a completely homozygous 

genotype (DM) and a nearly complete homozygous clone (M6). 
Consequently, a maximum of two alleles per locus contributed to 
this variation. Multiple alleles and diverse genotypes exist in collec-
tions of landraces. However, we have demonstrated that this level 
of genetic diversity is not needed to generate the tuber phenotypic 
variability oft en used to characterize landraces. Because these traits 
are controlled by a few major genes that are widely distributed 
across landraces, using them as an overall measure of diversity car-
ries the risk of failing to preserve rare alleles that are not as readily 
apparent. Many traits used for characterization are qualitative, 
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rather than quantitative, making them easy to use but perhaps too 
limited in their ability to capture the underlying variation in a diverse 
germplasm collection. While our F 

2
  population exhibits tremendous 

phenotypic diversity for tuber traits, it obviously does not capture 
the wide range of allelic diversity in wild relatives for other traits of 
interest to breeders, such as disease resistance and stress tolerance. 

 Th e results from our study and those cited already present a di-
lemma for managers of germplasm collections. The case of po-
tato is clearly extreme in the range of tuber morphological diversity 
present within a single F 

2
  population, but other species also harbor 

genetic variation that is not captured by morphological or neutral 
marker characterization of genebank accessions. There is real 
value in collections, and the germplasm collections maintained 
worldwide have proven utility for plant breeding, especially in 
breeding for improved pest and pathogen resistances and changing 
environmental and market conditions. In situations where breeders 
are faced with agricultural challenges for which elite lines are 
lacking, collections can be a major source of relevant genetic varia-
tion. However, these collections are not used to their full potential 
by plant breeders because of difficulties in identifying useful ac-
cessions to incorporate into breeding programs. Th e optimal strat-
egy for characterizing and organizing information on collections to 
make them more accessible to plant breeders is not yet known. 

 Two lines of research seem particularly promising for the 
characterization and conservation of functional diversity. The 
first is already being pursued for several genebanks, including 
the potato collection at the International Potato Center ( Ellis, 
2014 ). Accessions are being genotyped using high-density ge-
nomic markers, such as genotyping by sequencing (GBS). This 
approach identifies genetic diversity for both neutral genomic 
regions and loci that affect traits of interest for plant improve-
ment because of the full genome coverage of the GBS markers. 
GBS shows little to no ascertainment bias because markers are 
developed directly on the population being genotyped. The use-
fulness of these genotypic data, however, is highly dependent on 
the quality of the corresponding phenotypic data generated by 
field screening programs. 

 Th e second line of research focuses on the more eff ective use of 
in situ conservation methods to maintain genetic diversity. Th e 
availability of large numbers of inexpensive molecular markers has 
made it possible to study genetic diversity in situ, and recent studies 
have improved our knowledge of the patterns of genetic diversity 
conserved on-farm and the impacts of farmer seed exchanges, in-
corporation of new varieties, and phenotypic selection on genetic 
diversity for important crop species ( Th omas et al., 2012 ). 

 Th e association of high-density genomic markers with pheno-
typic data is likely to be most immediately useful for plant breeders. 
However, the long-term creation and maintenance of genetic di-
versity for plant breeding will depend on better ties to on-farm and 
in situ conservation and selection. Because morphological descrip-
tors, neutral genetic diversity, and geographic origin alone do not 
predict agronomic performance, it is imperative to move toward 
understanding and supporting the processes that create and main-
tain useful variation for functional traits and to develop strategies 
to identify and select valuable phenotypes. 
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