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A core collection is a subsample of a larg-
er germ plasm collection that contains,
with a minimum of repetitiveness, the
maximum possible genetic diversity of the
species in question (Frankel 1984; Frankel
and Brown 1984). Brown (1989a) argued
that before creating the core collection,
the larger collection should first be hier-
archically stratified into groups of acces-
sions that share common characters or
that originate from similar ecological and
geographic regions. Such a stratification
could be based on passport data, knowl-
edge of the structure of the gene pool, or
both. Accessions are then drawn from
each group. Several sampling strategies
are used to determine how to allocate
sampling effort across groups (Brown
1989b). In the absence of detailed genetic
data about the individuals within the
groups, all groups can be represented
evenly, or in proportion to their group
size, or in proportion to the logarithm of
their group size (refereed as the C-, P-, and
L- strategies, respectively) (Brown 1989b).

An increasing number of germ plasm
collections are being genotyped for mark-
er loci such as allozymes, restriction frag-
ment length polymorphisms (RFLPs), and
random amplified polymorphic DNA
(RAPD). Schoen and Brown (1993) pro-
posed two strategies that can use marker
diversity to allocate sampling effort for
the construction of the core collection.
The H strategy seeks to maximize the total
number of alleles in the core collection by
sampling accessions from groups in pro-
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portion to their within-group genetic di-
versity. Such an approach assumes that
the sampled alleles follow Ewens (1972)
sampling theory for neutral alleles, though
the approach is robust to several types of
departures from this assumption (Brown
and Schoen 1994). Schoen and Brown
(1993) formulated an alternative strategy,
the so-called M (or maximization) strategy
which does not necessarily rely upon
stratified sampling. The M strategy exam-
ines all possible core collections and sin-
gles out those that maximize the number
of observed alleles at the marker loci.
These can then be chosen as final candi-
dates for the core. The expected superi-
ority of this marker-based method is
based on the correlation between ob-
served allelic richness at the marker loci
and allelic richness on other loci (hereaf-
ter referred as to as “target loci”). Such a
correlation (or linkage disequilibrium be-
tween marker and target alleles) is ex-
pected on theoretical grounds either be-
cause of (1) shared coancestry of
populations, (2) the mating system of the
species considered, or (3) episodes of se-
lection whereby selected (target) and neu-
tral (marker) alleles become associated
through hitchhiking. Monte Carlo simula-
tions of germ plasm collection and sam-
pling using several marker based sampling
strategies have shown that the M strategy
performs well when the accessions come
from populations with restricted gene flow
or when the accessions are predominantly
selfing (Bataillon et al. 1996).

While it was initially based on variation
at marker loci, the M strategy can be ex-
tended to the qualitative and quantitative
variables. For quantitative variables, the
continuous distribution can be broken
into a series of discrete classes. Each ac-
cession then belongs to one or several
classes for this quantitative variable, de-
pending on the value of the individuals
comprising the accession. For each quali-
tative variable, the number of classes is

determined by the possible values taken
by the variable in question. For example,
if the variable of disease resistance is cod-
ed as either resistant or susceptible, there
would be two classes. Richness of a col-
lection of accessions for such a qualitative
variable is defined as the number of class-
es represented among the accessions.
Then when considering several variables
corresponding to several traits and/or
marker loci, the total richness is defined
as the sum richness values across vari-
ables. The independent contributions of
each variable to the sum may be weighted
by the importance of the variable; for in-
stance, a given variable may be an impor-
tant trait or a locus for which allelic vari-
ation is desired. The MSTRAT software
implements a generalized version of the M
strategy (as discussed above), and helps
the user to define the size of the core col-
lection to be sampled, as well as the
choice of the type of genetic richness to
be maximized in the core collection. The
software also allows the user to investi-
gate how much genetic richness has been
retained for variables that were not used
in the sampling of the core collection.

Sampling Procedure

Required Data

The MSTRAT software requires ASCII input
files. The data file contains the description
of accessions for each variable and allows
for several individuals per accession. Dif-
ferent types of variables are defined ac-
cording to their use in the MSTRAT pro-
gram. Variables that are used in the
optimization of the richness are called ac-
tive variables. Other variables are called
target variables. The diversity score for a
given core subset is given for the set of
active variables and also for any other se-
ries of variables.

Optimization Criterion
The method maximizes the richness of
samples. In cases where several putative
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core collections have the same richness, a
second criterion is used that is near the
generalized variance criterion used by
Noirot et al. (1995). The core collection
with the highest sum of squares for the set
of active quantitative variable (nonortho-
gonal variables) is chosen. This allows
one to obtain an optimized distribution of
the trait in the core subset.

Algorithm for the Constitution of a
Core Collection of Size r

Searching throughout all possible core
collections is impractical when the collec-
tion to be sampled is large (the number of
possible combinations grows factorially
with the size of the core and the base col-
lection). Instead, we implemented an al-
gorithm based on an iterative maximiza-
tion procedure. Briefly, a subset of r
accessions is first chosen at random from
the N accessions comprising the base col-
lection. In step 1, all the core collections
of size (r — 1) are tested. The subset hav-
ing the highest level of richness is re-
tained. In step 2, among the remnant ac-
cessions, the accession bringing the
greatest increase in the diversity criterion
is retained. Subsequently, steps 2 and 3
are repeated until a convergence criteria
is met (e.g., the richness of the core col-
lection is no longer improved or 30 itera-
tions have been performed).

Kernel Core

The sampling procedure allows the user
to specify a compulsory set of accessions
(the “kernel core™) that will always be in-
cluded in the core collection. For example,
the kernel core may represent pivotal ac-
cessions that one wishes to retain for his-
torical reasons (e.g., for instance key ac-
cessions for breeding programs).

Redundancy in the Collection

Redundancy occurs when accessions
overlap in their contribution to the core
collection. Redundancy is pivotal in decid-
ing how large the final core collection
should be. The extent of potential redun-
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dancy can be visualized by graphing the
richness of a randomly chosen sample of
increasing size r (1 < r < N; N being the
size of the base collection). For a collec-
tion with zero redundancy, one expects a
linear increase of richness with . A con-
vex relationship indicates redundancy in
the collection. The choice of the variables
defining richness and the number of class-
es in the variables obviously influence the
expected amount of redundancy. By
graphing a second curve which shows
how richness increases with r under the M
strategy, one can assess the gain in diver-
sity achieved by the M method. The in-
flection point of the M curve provides the
optimal size for a core collection. The pro-
gram also allows external validation of the
M strategy by examining the diversity cap-
tured for an “independent” set of vari-
ables not used in making sampling deci-
sions. Graphs of redundancy can be
obtained jointly for both the active and
target variables. The MSTRAT software al-
lows one to interactively explore the con-
sequences of the sampling procedure for
different sets of traits, and to define a ro-
bust minimum size for the core collection
based on the actual patterns of redundan-
cy in the collection.

MSTRAT Software Availability

The MSTRAT software uses the Tcl envi-
ronment, which is freely available for the
following platforms: Linux, PC-Windows,
and Unix. The MSTRAT.tcl program calls a
compiled C program that performs the re-
dundancy study and the core collection
sampling. The MSTRAT software and the
compiled C program can be obtained free
of charge by sending a blank DOS-format-
ted floppy disk to the authors. The files
can also be downloaded at http://
www.ensam.inra.fr/gap/resgen88.).  The
distribution of the package includes exe-
cutable programs, a help file, and sample
data files. If Tcl is not installed on your
system, it can be downloaded at http://
www.scriptics.com/products/tcltk/
8.0.html.
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