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ABSTRACT

This study examines the use of neutral genetic markers to guide sampling from a large germplasm
collection with the objective of establishing from it a smaller, but genetically representative sample.
We simulated evolutionary change and germplasm sampling in a subdivided population of a diploid
hermaphrodite annual plant to create an initially large collection. Several strategies of sampling from
this collection were then compared. Our results show that a strategy based on information obtained
from marker genes led to retention of the maximum number of neutral and nonneutral alleles in the
smaller sample. This occurred when demes were composed of self-fertilizing individuals or when no
migration occurred among demes, but not when demes of an outcrossing population were connected

by high levels of migration.

NCREASING habitat destruction in this century has
raised concerns about genetic depletion in natural
populations (WILSON 1992). Loss of genetic diversity
is also a problem in the case of agriculturally important
species, where ancient cultivars (or landraces) and wild
relatives of domesticated species are being lost as mod-
ern varieties become adopted by farmers. This has led
to calls for genetic conservation of crop germplasm
(FRANKEL and BENNET 1970).

It is seldom if ever possible to assess in a comprehen-
sive manner the amount and structure of genetic varia-
tion in a population or collection of interest to genetic
conservation, making it difficult to proceed in a rational
way toward construction of representative samples for
conservation. A recent approach to this problem pro-
poses the use of easily scorable genetic markers such as
allozymes and DNA level polymorphisms to determine
how single locus variation is structured among and
within populations (BROWN and CLEGG 1983) . SCHOEN
and BROWN (1993) showed that if marker gene data
are available for many populations of a species, signifi-
cant gains in the number of neutral alleles retained in
a sample can be achieved through a combination of
stratified sampling and weighting of the contributions
of the different populations to the germplasm collec-
tion according to information provided by the marker
loci. But SCHOEN and BROWN (1993) tested their meth-
ods using allozyme loci, not only as a means to guide
the sampling, but also as way to score the allelic richness
of different samples. Because many allozyme polymor-
phisms are likely to be selectively neutral, it is unclear
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from their results whether a marker-based approach to
genetic conservation would also lead to significant gains
in the capture of adaptive genetic variation ( HOLSINGER
1991; MILLIGAN ¢t al. 1994 ) . Here, we address this prob-
lem using computer simulation to assess the efficacy of
different sampling strategies to capture both neutral
and nonneutral allelic variation under a number of dif-
ferent ecological conditions.

A large number of materials from major crop species
and their wild relatives are currently stored in interna-
tional networks of seed banks, or in “in situ’’ conserva-
tion sites and “‘on farm’ programs of conservation. Be-
cause the large size of some of these collections,
together with limited funding, combine to restrict the
characterization of the material available and hinder
their use for breeding purposes (FRANKEL 1989; BROWN
1995), an increasingly popular proposal for germplasm
management is to construct smaller *“‘core collections”
from these larger collections. Ideally, core collections
should be chosen to represent the bulk of the genetic
diversity contained in the larger collection. Construc-
tion of a such a collection usually starts by stratifying the
larger collection into a series of groups, to acknowledge
that accessions originate from different ecogeographic
regions with possibly divergent evolutionary histories.
The core collection is then established by stratified ran-
dom sampling from the different groups (BrROwWN
1989a,b) . While the work presented below is directed
to the specific problem of how information gained from
neutral markers can lead to increases in the amount of
nonneutral (and neutral) variation in core collections,
the results are relevant to other problems in conserva-
tion genetics where priorities for conservation among a
set of different populations must be set.
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FIGURE 1.—Overview of the simulation and sampling algo-
rithms. An initial population (Population P) consisting of
2500 diploid individuals, in mutation-drift equilibrium (at
each of 99 loci) was sampled with replacement to create 18
demes, distributed across three selective environments. When
simulating selfing populations, individuals in Population P
were selffertilized for 100 generations to form Population P,,
before populating the 18 demes. An equal number of demes
per environment is depicted here (uneven distributions were
also used in some simulations—see text) . After 5000 genera-
tions of mating, drift, selection, and in some cases, migration
(see text and Table 1), the 18 demes were sampled to form
the base collection. Various sampling strategies were then
used to construct the different core collections by sampling
10% of the base collection.
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MATERIALS AND METHODS

Overview: The simulation and sampling algorithm is de-
picted in Figure 1. We simulated phenotypic evolution in a
subdivided plant population distributed across three environ-
ments (denoted I, II, and III). This subdivided population
contained all the available genetic vaniation. Once a quasi-
equilibrium was reached between drift, mutation, migration
and selection, we simulated the sampling of the population,
leading to the formation of a large collection, hereafter re-
ferred to as the ‘‘base collection”. In crop germplasm conser-
vation, the base collection represents the stage of sampling
preceding the creation of the core collection. Before con-
structing the core collection, the base collection was struc-
tured into three groups, reflecting the different environments
of origin of the accessions. Finally, we simulated the construc-
tion of core collections from this base collection using differ-
ent sampling strategies. These steps are described in more
detail below.

Simulation of the plant population: A population of 2500
individuals (Population P), initially monomorphic at all 99
simulated loci, was used to start the simulation. Mutation,
genetic drift, and gamete formation were simulated in this

population for 15,000 generations. For each locus, it was as-
sumed that any of 1000 different alleles could arise with equal
probability as a result of recurrent mutation. A Poisson distri-
bution of crossing over with no interference was assumed
when simulating gamete formation (HOSPITAL and CHEVALET
1996). Following the 15,000 generations of mutation and
drift in Population P, the allele frequency distributions at
these loci were found to conform to expectation under selec-
tive neutrality, as verified by the Ewens-Watterson test (EWENS
1979; ENDLER 1986 ) . In the case of simulations involving self-
fertilization, an inbred population (Population P;) was estab-
lished by simulating 100 generations of complete self-fertiliza-
tion in Population P (after the initial 15,000 generations of
mutation and drift).

Eighteen separate demes were then established by sampling
individuals with replacement from Population P (or Popula-
tion P, in the case of selfing). Deme size ranged from 100
to 3000 diploid individuals, with a mean of 1000 individuals.
The decision to reduce the effect of drift led to a minimum
local population size of 100 individuals. Next, these demes
were subjected to mutation, drift, migration and selection, for
5000 generations, using the simulation procedure of DAVID et
al. (1993), modified to include migration among demes. An
island model of gene flow allowing movement of diploid ge-
notypes (i.e., seed migration but not polien migration) was
assumed. The structure of the subdivided population re-
mained constant throughout the simulation, and no extinc-
tion of demes was allowed. The subdivided population so
constructed was intended to simulate a naturally occurring
species, such as a wild crop relative.

Two groups of loci were simulated: selectively neutral loci
(hereafter referred to as ‘‘marker loci'’ ) and loci under selec-
tion, in which fitness contributions were determined by the
combination of genotype and environment (Figures 2and 3) .
Each environment was characterized by a different selection
regime, i.e, the alleles at each locus were subject to different
selection pressures in each of the three environments (Figure
2). Within environments, each selected locus contributed
equally and additively to fitness.

A number of other features were kept constant throughout
the simulation, including linkage relationships among the loci
{Figure 3), the mutation rate per locus (x4 = 0.0001), and
patterns of selection at the different loci in the three environ-
ments {Figure 2). The choice of a relatively high mutation
rate was dictated in part by the need to produce high allelic
diversity (8 = 4Nu) in the populations. This allowed detec-
tion of differences among the sampling strategies. Such muta-
tion rates are characteristic of microsatellite DNA markers
(HENDERSON and PETES 1992).

Eight different cases were studied by combining three fea-
tures of the simulation in different ways. These features in-
cluded: the mating system of the plants—selfing rate of 0 vs.
100%; the extent of gene flow—2% individuals from each
deme allowed to migrate vs. complete isolation between
demes; and distribution of the 18 demes across the three
different environments—equal vs. variable numbers of demes
per environment ( Table 1) . Each combination was replicated
twice. These different combinations of conditions were in-
tended to capture some of the essential population biology
of species differing in mating systems and dispersal abilities
(e.g., self- and cross-fertilization, animal vs. gravity dispersal
of seed), as well as the imbalance that often exists in base
collections with regard to the number of samples originating
from particular regions.

Simulation of the base collection: After 5000 generations
of mutation, migration, drift and selection in the subdivided
population of 18 demes, as described above, one-tenth of the
individuals present in each deme were sampled to form the
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FIGURE 2.—Contributions to individual fitness of each of
1000 alleles at 10 loci under different modes of selection.
Within each environment, individual fitnesses were deter-
mined by summing contributions (w,s) across loci. Domi-
nance and epistasis were assumed to be absent.

base collection (Figure 1). These individuals were kept to-
gether in sets of 10 each. Each set of 10 individuals is referred
to below as an “‘accession’’. This procedure parallels the prac-
tice in germplasm management of collecting and storing sev-
eral seeds or plants per population as a means to represent
the genetic composition of the population. The number of
accessions, #n;, sampled from each deme ¢ was n;, = N,; /100,
where N, denotes the number of individuals in the deme .
There were n = Zn; accessions in the entire base collection
(summation over all 18 demes) . The base collection was orga-
nized into three groups by keeping accessions from the each
of the three environments together. These groups of acces-
sions are hereafter referred to as “‘diversity groups”’.

Two replicate base collections were made for each combina-
tion of mating system, migration rate, and deme distribution,
leading to eight combinations of simulation conditions X two
replicates per combination X two base collections per repli-
cate for a total of 32 base collections simulated in total.

Comparison between core collection sampling strategies:
Base collections were sampled to form core collections con-
sisting of r = 0.1 X n accessions. Several core collection sam-
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FIGURE 3.—Positions of neutral and selected loci among
chromosomes in the simulation. Ten chromosomes with
equivalent structure, plus an eleventh locus lacking a selected
locus were simulated. Recombination probabilities among
loci within chromosomes were a function of distance between
loci. A locus controlling mating system was located on a sepa-
rate linkage group (chromosome 12).

pling strategies were used and are referred to as the R, C, P,
L and M strategies (Figure 1, Table 2) . The R strategy assumes
no prior knowledge about the base collection (except for its
total size) and involves only random sampling of accessions,

TABLE 1

Simulation conditions for modeling germplasm collections

Simulation No. of demes per

condition environment® Mating system Migration’
1 Equal Outcrossing  Migration
2 Equal Outcrossing  Isolation
3 Equal Selfing Migration
4 Equal Selfing Isolation
5 Uneven Outcrossing ~ Migration
6 Uneven Outcrossing  Isolation
7 Uneven Selfing Migration
8 Uneven Selfing Isolation

‘

“Subdivided populations with ‘‘equal” distribution of
demes had 6 demes per environment (population sizes of
2000, 1000, 1000, 500, 500 and 100). Subdivided populations
with ‘“‘uneven’’ distribution had 12 demes in environment I,
four demes in environment II, and two demes in environment
IIl. Deme sizes ranged from 100 to 3000 individuals, with a
constant mean size of 1000.

*Migration was simulated by taking 2% of the individuals
contributing to the next generation of each deme as migrants
from other demes. Demes in the same environment contrib-
uted half of the migrants, while demes in the two remaining
environments contributed the other half.
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TABLE 2

Sampling strategies for core collections

Strategy Sampling procedure Genetic markers
R Random sampling. Accessions sampled None
from the base collection without
regard to group origin
C Stratified random sampling®, pg = 1/3 None
P Stratified random sampling?, None
pg = Size (g)/[Z Size(j)]
L Stratified random sampling, None
pg = In [Size (g)1/{Z In[Size () I}
M1-M20 Core collection constructed under two One to 20 markers used to compute

constraints”

(i) Include in each putative core
collection at least one accession

per environment.

(ii) Maximize the marker allelic
richness of the core collection.

marker allelic richness of each
putative core collection.

“ Stratified sampling to build a core collection of size r involved random sampling of 7p, accessions from

each diversity group g

*Size (g) denotes size in number of accessions of the group g T denotes summation over the three groups.

Index of summation j refers to group.

“The APPENDIX and text describe the optimization procedure.

whereas the remaining strategies involve different methods
of stratified sampling in which p;*r accessions are randomly
sampled from each diversity group j. The p;s reflect the weight
of each group j in contributing to the core collection. The
p;s can be identical, as in the constant (C) strategy or be
based on some predictor of within group diversity. The pro-
portional (P) and logarithmic (L) strategies use group size
or natural logarithm of group size, respectively, as predictors
of group diversity.

To employ marker locus data in the construction of core
collections, we used the M strategy. While the M strategy is
also a stratified sampling method, it is not based on random
sampling of accessions within each diversity group. Rather, it
chooses the specific combination of r accessions that maxi-
mizes the total ailelic richness at available marker loci, subject
to the constraint of including at least one accession per diver-
sity group in the core collection (Table 2). In theory, this
particular (optimal) combination of accessions could be dis-
covered by examining every admissible combination of acces-
sions and scoring these for marker allelic richness, but with
a large base collection, inordinate computation time would
be required. Instead, we implemented an algorithm that per-
formed a series of heuristic searches thereby shortening the
time required to find the optimal set of accessions (APPEN-
pIx). The algorithm was tested by applying it to several
smaller test cases (data from SCHOEN and BROWN 1993)
where the set of accessions yielding maximum allelic richness
was known by a prior complete search of all combinations of
accessions. It succeeded in finding the correct combination
of accessions in those cases.

To examine how the amount of marker locus information
influences the effectiveness of the M strategy, we imple-
mented it using 1, 5, 10, 15 or 20 loci. A random set of marker
loci was chosen from the set of 90 neutral loci for each trial.

Once a core collection was created, its genetic diversity was
assessed by counting the total number of alleles captured for

two types of target loci: a random set of 10 selectively neutral
loci (“‘neutral allelic richness’ ), different from marker loci
used; and the 10 selected loci ( “‘selected allelic richness’”).
As we were interested primarily in measuring total number
of alleles captured rather than evenness of allelic frequencies,
the allelic richness measures were not weighted by their fre-
quencies. Allelic richness at loci under selection was used
to compare the different sampling strategies. To assess the
distributional properties of the sampling methods, 500 differ-
ent core collections were assembled per strategy from each
base collection.

RESULTS

Retention of allelic richness: Several broad scaie pat-
terns are apparent in the way that allelic richness was
distributed at the level of population, base and core
collections. These patterns can be best summarized
once alleles are classified both as widespread (oc-
curring in more than one deme) vs. localized (in only
a single deme) and occurring at high frequency (fre-
quency = 0.1) vs. low frequency (frequency < 0.1) in
each deme (MARSHALL and BROwN 1975) . Thus at one
extreme of this classification are alleles occurring in
many demes and at high frequency in each deme, while
at the other extreme are alleles occurring in only one
deme and at low frequency. Because of their abun-
dance, the former are unlikely to be lost during the
creation of the base or core collections, regardless of
which sampling method is used, whereas the latter are
expected to be most vulnerable to loss (MARSHALL and
BroOwN 1975).
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Figure 4 shows the numbers of the four different
classes of alleles in the population, base collection, and
core collection constructed under the R and M strate-
gies (with 20 marker loci) . Whereas the base and core
collections contained approximately one-half and one-
quarter of the total allelic richness of the subdivided
population, respectively, most of what was lost during
sampling were the localized, low-frequency alleles. Sub-
stantially more of the other classes of alleles were re-
tained. Populations with different mating systems or
migration rates differed systematically in terms of over-
all allelic richness and relative abundance of the four
classes of alleles (Figure 4). For example, outcrossing

average allelic richness across the 500 independent replicates.
Standard errors not shown (<€1).

populations generally contained higher allelic richness
than selfing populations, consistent with their higher
expected effective population size (POLLAK 1987) . Mi-
gration among demes led to a large number of wide-
spread, low-frequency alleles but few localized, high-
frequency alleles. The opposite pattern was found when
migration was not allowed (Figure 4).

Effectiveness of the different sampling strategies:
The ranking of core collection allelic richness for the
different types of sampling strategies was consistent
across replicates under each specific combination of
mating system, migration rate, and deme distribution.
To simplify the presentation, therefore, results from
only one replicate per combination are shown (Figures
5 and 6) . Moreover, only results from variable number
of demes per environments are shown, as they were
qualitatively similar to those for equal number of
demes. We focus on the number of selected alleles re-
tained in the core collection. Results for retention of
neutral alleles in the core collections were found to be
similar to those seen for alleles at selected loci (data
not shown).

For nonmarker based strategies, allele retention un-
der the C strategy was slightly lower then for the other
strategies, although the difference between it and the P
and L strategies was small. Differences among the P, L
and R strategies were also negligible. The only real con-
trast was between the allelic richness of core collections
assembled using the nonmarker-based strategies and
that observed using the M strategy. The increase in al-
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lelic richness under the M strategy was large and signifi-
cant in all cases except under the combination of high
outcrossing and migration. Elsewhere the M strategy led
to conservation of markedly more alleles in the simu-
lated core collections. The greater retention of alleles
under the M strategy is due primarily to increased cap-
ture of the widespread, low frequency alleles and the
localized, high frequency alleles (Figure 4). Migration
and mating system had a dramatic effect on the relative
performances of the M strategy. The overall impact of
migration was to reduce the differences between the M
and the other strategies, whereas selfing increased the
efficiency of the M strategy. Selfing and absence of mi-
gration combined to reinforce the superiority of the M
strategy over the other strategies (Figure 5).

Number of marker loci and temporal dynamics: Al-
lele retention in core collections assembled under the
M strategy increased markedly with the number of
marker loci used (Figure 6). In simulations without
migration, the performance of the M strategy plateaued
with 10 marker loci, whereas with migration, the effi-
ciency increased regularly with the number of maker
loci used (Figure 6).

To study nonequilibrium behavior in the subdivided
population, base and core collections were simulated
and allelic richness was recorded after only 50, 200 and

2000 generations of evolution (as described above) fol-
lowing the initial creation of the subdivided population.
We found that 2000 generations were required for the
allelic richness of the population to achieve a pseudo-
equilibrium (equivalent to what was seen after 5000
generations) (Figure 7). Moreover, the efficiency of
the M strategy increased with the number of genera-
tions of genetic isolation (=2000 generations), in par-
allel with the appearance of many localized, high-fre-
quency alleles (Figure 7).

DISCUSSION

Use of genetic marker data in genetic conservation:
Information provided by surveying a large germplasm
collection for molecular genetic variation could be put
to use in a variety of ways to create a smaller, but geneti-
cally representative (core) collection. First, one might
use clustering methods to classify accessions into groups
using data from the markers, followed by stratified sam-
pling within the groups (CROSSA et al. 1993; vAN HIN-
TUM et al. 1995). The effectiveness of this approach
remains to be examined.

Second, one could use marker data to assess neutral
genetic diversity in a collection comprised of pre-ex-
isting groups formed on the basis of other criteria (e.g.,
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ecogeographic data). The marker data could then be
used to weight the relative contributions of each group
to the core collection—i.e., the *‘H strategy’’ of SCHOEN
and BROWN (1993). Such a procedure is expected to
perform well when groups are isolated and group size
is a poor indicator of diversity (BROWN and SCHOEN
1994). For instance, populations that have recently
passed through bottlenecks are expected to be largely
depleted of low-frequency alleles (NEI ¢f al. 1975), and
so assessment of diversity at marker loci may be the best
means of weighting the contributions of the groups to
the core collection (SCHOEN and BROWN 1993). Since
extinction and recolonization events were not part of
the simulations, the H strategy was not examined in the
present study.

Finally, with an already existing collection, marker
data could be used to determine both the level of diver-
sity of the groups comprising it (as in the H strategy),
and the extent to which the accessions contain similar
genetic variation (‘‘redundancy’”). This, in essence, is
the thrust of the M strategy. According to our results,
such an approach leads to significant increases in reten-
tion of allelic richness at both neutral and selected loci,
whenever the collection shows any appreciable sub-
structure. In fact, only when there is complete outcross-
ing and high migration rates did the M strategy not
outperform the nonmarker-based strategies. This is
likely due to the island model of migration used in our
work—i.e., immigrants came not only from demes with
similar selective regimes but also from those with con-

trasting selection regimes, thereby counteracting adap-
tive differentiation. Together with high migration rates,
F, was near 0, meaning that neutral alleles within demes
diverged only slightly more from a common ancestor
compared with alleles from different demes (SLATKIN
1991). Moreover, the high level of migration and large
deme size (average of 1000 individuals) counteracted
the development of associations between neutral and
selected loci. In general, the M strategy is never ex-
pected to perform more poorly than a random strategy
(as verified above). For this to happen, there would
have to be a negative correlation between diversity at
marker and selected loci.

There is considerable controversy over the value of
individual alleles in germplasm collections, especially
localized, low-frequency alleles (BROWN 1978). These,
however, are likely to be maintained by deleterious mu-
tation-selection balance and, therefore, are of little in-
terest in genetic conservation (MARSHALL and BROWN
1975) . On the other hand, two classes of alleles—local-
ized, high-frequency and widespread, low-frequency al-
leles—are of more interest, especially as the former
may be a source of local adaptation. Interestingly, the
M strategy led to more effective capture of such alleles.
This improvement can be traced to redundancy in al-
lelic composition of the accessions of the original base
collection and correlations (shared coancestry) be-
tween among marker and target loci. The M strategy
reduces the degree of redundancy in the final core
collection. This alone would be unimportant, however,



416 T. M. Bataillon, J. L. David and D. J. Schoen

_ base collection allelic richness

200
3
> 150
Q
(%23
c
Q
(]
[
Q
o i
5 100
k)
]
s}
£
2 50

T e Proportional gains
G - T T T 1 1 T T T
0 10 20 30 40

Size of the care coilection
(% of initial number of accessions in the base collection)

FIGURE 8.—Average allelic richness at marker loci in core
collections as a function of collection size and sampling strat-
egy. The horizontal dotted line indicates allelic richness of
the base collection. Results from the R and M (using 20
marker loci) strategies are illustrated. Diagonal dotted line
depicts the situation in which gains in allelic richness are
proportional to core collection size (no redundancy). The
simulation involved outcrossing, no migration, and equal
number of demes in each environment. Each data point is
based on 500 independent trials. Standard errors not shown
(<1).

were it not for the existence of correlations among loci,
meaning that when redundancy is minimized for one
class of observable variation (the marker loci) it will
tend to be minimized for other, less easily assessed varia-
tion as well. Shared coancestry of alleles is likely due to
subdivision in the population and base collection and
the interaction between genetic drift and hitchhiking
effects. Absence of gene flow, together with selfing
(slowing the decay of linkage disequilibrium) may also
have contributed to the maintenance of such correla-
tions in the simulations.

Collection size and molecular markers: Hardy-Wein-
berg equilibrium and sampling with replacement have
served as starting points to determine minimal sample
sizes required for capture of at least one copy of an allele
present at a given frequency (MARSHALL and BROWN
1975; Crossa 1989). Using sampling theory for selec-
tively neutral alleles (EwENs 1972), BROWN (1989a,b)
showed that the number of alleles captured in a core
collection was approximately proportional to the natural
logarithm of its size, and sampling 10% of a population
or collection leads to capture 60—70% of the alleles. An
alternative approach for setting minimal collection size
is to examine the actual empirical relationship between
size of the collection and its genetic diversity, e.g., as
expressed by allelic richness at marker loci. Figure 8
shows this relationship for the simulations conducted in
the present investigation. If a point of sharply diminish-
ing returns (in terms of marker allelic richness) with
further increase in the size of the core collection has not

yet been reached at 10%, and sufficient resources are
available, it may be justifiable to create a larger core
collection. For instance in the present case, sampling
25% of the base collection (using the M strategy) al-
lowed capture of all alleles at both neutral and selected
loci (Figure 8). How many markers are required for
such gains? In the simulations described here, a substan-
tial increase (=40%) in allele retention at selected loci
could be accomplished with as few as 5 to 10 marker
loci. Preliminary results from a simulation of sampling a
real “‘base collection’’ consisting of 120 divergent maize
inbred lines (e.g., Lancaster, Reid yellow dent, Minne-
sota 13, European flint, as well as other more exotic
lines) (DE VIENNE et al. 1994) has shown that the M
strategy implemented with 30—40 RFLPs as markers led
to significant increases in allelic richness in the core
collection (at other RFLP loci) (P. Dubreuil, A. Charcos-
set and T. Bataillon, unpublished results}.

Our simulations corroborate earlier findings which
showed that information from genetic markers leads to
significant gains in conserved allelic richness (SCHOEN
and BROWN 1993). Admittedly, the results presented
here are based on a single pattern of selection and
may not be general for all types of pattern of selection.
Further work should investigate the impact of different
modes of selection (e.g., number of selective environ-
ments, patterns of selection) on genetic association be-
tween selected and neutral loci. But while allelic rich-
ness provides a straightforward measure of single locus
variation in a collection, the question of how to best
characterize quantitative genetic variation is more chal-
lenging and beyond the scope of the present effort.
In the future, it would be of interest to explore the
effectiveness of marker-based germplasm conservation
strategies not only for quantitative genetic variation but
also to examine how such strategies perform with inter-
mediate to low rates of migration among demes and
with partial self-fertilization. Explicit models of the dy-
namics of two locus linkage disequilibrium for neutral
and selected loci in subdivided populations may also
provide a better understanding of the population ge-
netic mechanisms underlying the use of neutral mark-
ers in germplasm conservation.
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APPENDIX: IMPLEMENTATION OF THE M STRATEGY

Assume that a large collection has been stratified into
b “‘diversity groups” and is composed of n accessions:
ai, ..., a,. The entire set of accessions is characterized
for k marker loci. Denote as R(X) the allelic richness
of an accession or group of accessions X scored at the
k marker loci. To implement the M strategy, we wish to
construct a core collection of size r (r = b), where for
instance r = 0.1*n, subject to the constraint of includ-
ing at least one accession originating from each of the
& groups. Searching through all possible subsamples of
size ris impractical when rand / or n exceed 50. Instead
we employed an algorithm with the following steps:

Step 0. Within each group, the accession scoring the
maximum R(X) value is selected.

If r > b, then r-b accessions are sampled at random
from the large collection, to form the current core col-
lection (C).

Step 1. The rsubsets (S, ..., S,) that can be formed
from C by removing one accession at a time are each
considered, and their respective R(S,), ..., R(S,) val-
ues are recorded. The subset S$* with the highest R
value is retained.

Step 2. The accession @ that brings the largest in-
crease in new marker alleles into the core collection C
= (8* + a) is chosen from the remaining accessions
of the large collection.

Step 1 and 2 are repeated until R(C) no longer
changes. At that point, convergence is assumed and C
is retained as the core collection.



