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Giene segregation and linkage analysis is
one of the fundamental methods in plant
breeding and genetics research. When
many pairs of gene loci in many progenies
are involved in an experiment, the analy-
sis can be Hme consuming. Two computer
programs for gene linkage analysis have
heen previously published (Liu and
Knapp 1990; Suiter et al. 1983; GMENDEL
and LINKAGE-1, respectively). However,
checking of the linkage phase (coupling,
repulsion, or not useful) and eliminating
useless recombination values were not
handled in these programs. Useless re-
combination walues include the case
where both parents of the cross have
dominant (or both have recessive) alleles
or where the recwrrent parent does not
have a homozygous recessive condition
for the two (or more) genes being studied,
In addition, GMENDEL runs only on
MS-DOS, requiring an Intel central pro-
cessing unit, and LINKAGE-1 will not run
on newer versions of some computer op-
erating systems,

Since many researchers have access (o
computers that use the SAS (5AS Institute
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1988) svstem, a SAS computer program
called SASGENE was developed [or genetic
analysis of gene segregation and linkage,
SAS programs run on virtually any com-
puter operating system with only minor
modifications by the user. Currently 3AS
runs on the following computer operating
systems: Macintosh, DOS, Windows, UNIX,
(05/2, MVS, CMS, OpenVMS, and VSE, 5A5
programs have the advantage that they
can be updated easily by the scientist to
run on new computer systems without re-
quiring extensive work by a programmer.
SASGENE is easily modified, such as add-
ing a statement to print the intermediate
results il more information were desired
by the researcher, or providing analyses
for linkage estimation of codominant
genes and two gene goodness-of-fit tests,
SASGENE iz dimensioned for unlimited
gene loci and unlimited individuals per
generation and family, subject only to
available disk space.

SASGEME consists of two SAS macros,
The first macro, SGENE, performs single
gene goodness-offit tests of the observed
frequency data to the expected Mendelian
segregation ratios, analyzing each trait in-
volved in the experiment. The output of
SGENE consists of the observed segrega-
tion numbers, chi square, and probability
value by gene and family { Figure 1).

The second macro, LINKAGE, performs
an analysis ol gene linkage relationships.
Chi-square and probability values are cal-
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Flgure 1. Sample outpuat of the single gene gordness-oi-fit test by SASGENE part 1

culated to analyze gene pairs for indepen-
dent assortment In the segregating gener-
ations (F., BC,.,, and BC,..). Gene loci are
checked in all possible pairs. Linkage was
estimated using the chi-square method, a
widely used standard for genetic data
analysis {(although it may produce inac-
curate results in some cases). According
to the phase {coupling, repulsion, or not
useful}, the recombination frequency (rf)
and standard error (5E) are calculated us-
ing the following formulae (Sinnott and
Dunn 1539; Weir 19594 )

F. (repulsion):

ri=np
= |=(hc + ad)
+ |(he + ad)* + ad({he — ad)]"
+ (he — ad)
F. {(coupling):
ff=1—-pn
SE = W(l — pI2 + pf)f2nll + 2p?)

BC, (only coupling accepted ):
rf=(h + cin

SE = Vrf(l = f)/n

where al{A B}, b{Ahb), c{aaB.), and
d{aabh) are genotvpe segregation ratios in
F. or BC,. A sample output of linkage re-
lation analysis for genes by LINKAGE is
shown In Figure 2.

SASGENE requires an input data file that
consists of plot number, replication num-
ber, plant number, family number, genera-
tion number, and gene (or trait) names.
Families and generations can he assigned
numbers, and genes are usually given let-
ters corresponding to the trait categories,
For example, the gene name might be “lI1"
for little leaf, and the categories “L” for lit-
tle and "N" [or normal leal, Belore analy-
sis, ohservation data is converted to D
{dominant) ar R {recessive). An optional
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Flgure 2. 2ample outpul of linkage analysis by SASGENE part 2

genatype searegation ratios in F, and BC, . or BC ..

macro {convert.sas) is available to con-
verl gene value 1o "D or “R"

SASGENE is distributed free of charge, A
sample dataset is available that illustrates
use of the two macros. It also shows how
to sel up data properly for the analysis.
The program files (readme.txt, startup.sas,
convert.sas, sgenesas, and linkage.sas)
and sample dataset {example.dat) can be
obtained from the World Wide Web at the
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(AGBL), BUACBB) Claabld, and DMaabb) are

[ollowing  address:  http://cukehort.ne-
su.edufwehnerhtml, or by sending a blank
3.5 inch floppy disk to T. €. Wehner with a
note whether you prefer M5DOS or Mac-
intosh formatting.
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