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AUTOTET: A Program for
Analysis of Autotetraploid
Genotypic Data

P. H. Thrall and A. Young

AUTOTET is a program written in ANSI-C
that calculates allele frequencies, and es-
timates genetic diversity and fixation sta-
tistics for autotetraploids based on co-
dominant genotypic data. In general,
genetic analysis of autotetraploid data is
complicated by two main factors. The first
is the existence of multiple heterozygous
states: three partial heterozygotes (AAAB,
AABB, AABC) and the full heterozygote
(ABCD). In particular, estimation of ex-
pected heterozygosity (He) and the fixa-
tion coefficient (F) is burdensome under a
tetraploid model, where even relatively
low numbers of alleles at a locus can re-
sult in very large numbers of possible ge-
notypic classes for which relative frequen-
cies must be calculated based on
population gene frequencies.

A second problem for analysis of hetero-
zygotes is that at meiosis, individual loci
can undergo either random chromosomal
segregation (RceS) or random chromatid
segregation (RcdS) (Bever and Felber
1992; Geiringer 1949; Haldane 1930). Under
RceS, and assuming random mating, ex-
pected genotype frequencies can be esti-
mated directly from the products of pop-
ulation gene frequencies as for diploids.
However, under RcdS, sister chromatids
can segregate into the same gamete, re-
sulting in double reduction. In this case,
equilibrium heterozygosity will be lower
than expected under chromosomal segre-
gation due to gametic disequilibrium, and
genotype frequencies must be estimated
on the basis of gametic frequencies (Gei-
ringer 1949). The probability of double re-
duction occurring at a locus (�) depends
on the amount of quadrivalent formation
and the proximity of the locus to the cen-

tromere, and may range from � � 0 to a
theoretical maximum of � � 1/7 (Wricke
and Weber 1986).

This intractability has led to the com-
mon use of approximations of these pa-
rameters where all heterozygotes are
treated equally, chromosomal segregation
is assumed, and He is calculated as for a
diploid system:

s

41 � p , (1)� i
i�1

where s is the number of alleles at a locus,
and pi is the frequency of the ith allele.
Such an approach is unsatisfactory be-
cause heterozygosity estimates and fixa-
tion indices (when calculated as above)
will respond only to changes in the num-
ber of full homozygotes. This genotypic
class is considerably less responsive to in-
breeding than the same class in true dip-
loids. This makes assessment of interpop-
ulation differences in heterozygosity and
gene fixation excessively conservative. It
also prevents meaningful comparative
analysis of diversity between tetraploid
and diploid populations within species.

AUTOTET allows rigorous analysis of
heterzygosity statistics, with partial het-
erozygotes weighted by 1 minus the like-
lihood of any two alleles being identical by
descent, and heterozygosity and fixation
indices calculated under both full chro-
mosomal and full chromatid segregation
following Geiringer (1949) and Li (1955).

Input

Each input file should contain data for a
single population. It can be either a space
or tab delimited ASCII file with rows as in-
dividuals and columns as loci. The first
line of the input file must consist of the
names of the loci (up to five characters in
length), separated by either spaces or
tabs. Subsequent rows should consist of
individual four-allele genotypes. Alleles

are coded as letters and, because the pro-
gram is case sensitive, up to 52 different
alleles can be allocated. Missing or incom-
plete genotypes for a particular locus (i.e.,
those with less than four alleles) must be
coded as four dots (‘. . . .’); these will be
excluded from analyses for that locus. The
program uses dynamic memory allocation
to construct arrays, therefore there are no
fixed requirements with respect to the
number of individuals in the dataset to be
analyzed (currently AUTOTET assumes a
maximum of 30 loci per population, but
this can be easily modified).

Output

Results of the analysis are written to a
separate file specified by the user. Output
consists of a list of alleles and their fre-
quencies, followed by a table of diversity
statistics for each locus, their averages
across loci, standard deviations, and the
sample sizes upon which these are based
(Table 1). Chi-square goodness-of-fit tests
for observed-to-expected genotype fre-
quencies are then given. The statistics cal-
culated are

1. Allelic richness (A)—the number of
alleles at a locus.

2. Genotypic richness (G)—the number
of four allele genotypes at a locus.

3. Allelic richness within individuals
(AI)—the average number of alleles per in-
dividual at a locus.

4. Observed heterozygosity (Ho)—the
observed heterozygosity at a locus, with
the five possible classes of genotypes be-
ing weighted inversely to the probability
of any two of their alleles being identical
by descent, such that the heterozygosity
weights used are AAAA � 0, AAAB � 0.5,
AABB � 0.667, AABC � 0.833, and ABCD
� 1 (see Bever and Felber 1992).

5. Expected heterozygosity [He(Ce)]—
the heterozygosity expected under ran-
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Table 1. Sample output file from AUTOTET

Input file: mcc.txt Date: 16-6-1998 Time: 16:25

I. Allele frequencies for individual loci
Locus Allele Frequency

gpi1
gpi1
gpi1
gpi1
gpi1
gpi1
gpi1
mdr1
mdr1
got1
got1
got1
got2
got2
got2
got3
got3
got3
got3
got3

b
f
g
h
l
m
s
m
s
f
m
s
m
p
s
b
f
h
m
s

0.034314
0.088235
0.303922
0.044118
0.004902
0.495098
0.029412
0.750000
0.250000
0.151042
0.828125
0.020833
0.848958
0.005208
0.145833
0.024510
0.191176
0.053922
0.715686
0.014706

II. Population genetic statistics

Locus N A AI G Ho

Chromosome

He F

Chromatid

He F

gpi1
mdr1
got1
got2
got3

51
51
48
48
51

7
2
3
3
5

2.431
1.706
1.521
1.458
1.804

23
4
6
4

10

0.663
0.389
0.271
0.253
0.441

0.651
0.375
0.291
0.258
0.448

�0.019
�0.037

0.069
0.017
0.014

0.607
0.350
0.272
0.241
0.418

�0.092
�0.111

0.003
�0.053
�0.056

Means:
SD:

49.800
1.643

4.000
2.000

1.784
0.388

9.400
7.987

0.404
0.165

0.404
0.156

0.002
0.014

0.377
0.146

�0.069
0.022

III. Goodness-of-fit (observed-expected genotype frequencies)

Locus

Chromosome

�2 P

Chromatid

�2 P

gpi1
mdr1
got1
got2
got3

2.95
0.16
0.34
2.50

14.60

�.05*
�.05
�.05
�.05
�.01

4.45
1.40
0.86
0.91
9.69

�.05*
�.05
�.05
�.05
�.05

Data are from the autotetraploid Rutidosis leptorrhynchoides which undergoes significant quadrivalent formation.
For chromatid segregation, � � 0.143.
* Warning: one or more genotypic classes have expected values � 5.0.

dom mating, and assuming random chro-
mosomal segregation (i.e., no double
reduction). Expected population genotyp-
ic frequencies are AAAA � p4, AAAB �
4p3q, AABB � 6p2q2, AABC � 12p2qr, ABCD
� 24pqrs, and partial heterozygotes are
weighted as for observed heterozygosity.

6. Expected heterozygosity [He(Cd)]—
the heterozygosity expected under ran-
dom mating, and assuming some level of
chromatid segregation. The default calcu-
lation assumes maximum double reduc-
tion where � � 1/7, but other values of �
can also be input directly by the user. Ex-
pected population genotypic frequencies
are AAAA � g11

2, AAAB � 4g11g12, AABB �
2(g11g22 � 2g12

2), AABC � 4(g11g23 � 2g12g13),
ABCD � 8(g12g34 � g13g24 � g14g23), and par-

tial heterozygotes are weighted as for ob-
served heterozygosity. The gij are gamete
frequencies, such that g11 � p2 � [3�/(2 �
�)]p(1 � p), g12 � pq(4 � 4�)/(2 � �), and
so on for the other possible gamete types
(Geiringer 1949; Wricke and Weber 1986;
Bever and Felber 1992).

6. Fixation coefficients [F(Ce) and
F(Cd)]—under both chromosomal and
chromatid segregation calculated as 1 �
(Ho/He). Note that the mean and standard
deviation for F in both cases are weighted
by the expected heterozygosities.

Computer Requirements

AUTOTET runs on any IBM compatible
computer under MS-DOS. There will be an

exponential increase in the number of pos-
sible four-allele genotypes as the number
of alleles increases; the general formula
for a polyploid (Elandt-Johnson 1971) is
given by

s � 2m � 1
, (2)� �2m

where s is as defined in equation 1 above
and m is the number of homologous chro-
mosomes used to form a gamete. Thus the
time the program takes to analyze a data-
set depends primarily on the number of
alleles at a locus, as it has to calculate ge-
notypic frequencies for all possible com-
binations of alleles. This will generally be
quite rapid when the number of alleles at
a locus is 10 or less. A dataset with an
unusually high level of allelic diversity
[100 individuals, 7 loci with an average of
7 alleles per locus and a maximum of 10
alleles at two of the loci (a total of 715
possible genotypes at these loci)] took 5.5
minutes to run on a 66 Mhz 486 laptop,
while on a 200 Mhz Pentium the analysis
took just over a minute.

A copy of the program and source code
may be obtained from the authors by
sending a DOS-formatted 3.5 in. high-den-
sity diskette to the address below, or it
can be downloaded directly from the Cen-
tre for Plant Biodiversity Research and
Australian National Herbarium homepage
on the Internet at http://www.anbg.gov.au/
cpbr/cpbr.html.
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