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Abstract The Nonparametric bootstrap is a particularly versatile toof for data analysis, It's properties have
been established by theoretical means, through simulation studies and by application to real data. This
paper discusses an application of the bootstrap method for estimating a parameter well known in genetics as
the fixation index (Fgp). The index provides information as to whether one subpopulation of a species is

reproductively isolated from other subpopuiations of the same species and is estimated using

genotype data.

The application discussed in the paper arose as a part of an investigation by the theneb Dupartment of
Western Australia which was mainly concerned with the sharp decline of the Taylor fish in the coastal

............... waters. Using..genotype.data.collected. from six. different focations-we-obtain-the distribution-of - Fer; form

confidence intervals and test hypothesis concerning Fsr to ascertain whether the Taylor fish stocks found in
different areas are genetically different from one another.

I. INTRODUCTION

The Taylor fish is an extremely important species
in Western Australia, In the 1980°s a sharp
decline in the Taylor catches in metropolitan
waters was noticed.  Consequently the Fisheries
Research division undertook a major study to
provide definitive information which could
determine the extent of the decline. As a part of
the study the Department of fisheries collected
samples of genotype data for the species at six
different locations, Shark Bay, Abrolhos,
Geraldton, Perth, Wilson Inlet and Sydney. The
data contains information as to the genetic
differences existing between sub-populations
which will evelve 1n the course of time. The
genetic  data  was obtained by protein
electrophoresis, a commonly used procedure,
especiafly for natural populations.

Te estimate the genetic variation of a

~ subpopulation with respect to the total population

it is desirable to quantify the amount of
differentiation. Consider a large randomly
mating population as a basis for comparison and
a locus at which there is no selection. If the
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locus has two segregating alleles, A and A with
the respective frequencies of p and q, the
expected proportions of the genotypes AA, AA’
and AA7 W;H be Hardy-Weinberg proportions p’,
2pq and q°. If the population is subdivided and
aliele frequencies vary among subpopulations,
then the proportion of homozygotes in the total
population will be greater than the Hardy-
Weinberg expectations(Ryman and Utter(19387)).
It p; is the frequency of A in subpopulation /
where i=1,2,....n and that in each subpopulation
genotypes  occur  in  the Hardy-Weinberg
proportions given by the local allele frequencies
then the proportions of A4, A A and A A 7in the
total  population can  be  written

)
5+ 5q, 25 - and
P FST Pq Pa(l-F..) an

Zp

average frequtmy of A in the total popﬂlauon
g= 1l—-p the fixation index

parameter introduced by Wright (1921) to
characterize the genotypic distribution at a two-

as

Tﬁ'c] q°7; where
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is the

and Fep i



allele locus, It was shown that FST m_—p

pq
regardiess of whether subpopulations are in
Hardy-Weinberg proportion or not where V, is
the variance of p; over subpopulations (Wright
(19211, A convement formula for Fsr can be
obtained by introducing

H.
H, 22@’
!

(6.1}

where, the Hardy-Weinberg expectation of
heterozygosity in subpopulation { is given by

H, o=1—(p’+q7),

(1.2)
and H e (ﬁz +q2) (L3
A simple calculation gives

v H
Fo, = —t=1- s (1.4)
: . H.
P4q

The Fsr defined in the above equation (1.4) s a
useful measure of the degree of differentiation
amoag subpopuiations af a two-allele locus.

Far-a locus-with-more-than-two-alleles,- Fgp-can
be defined for each allele by combining the
frequencies of alt other aileles at the locus. The
value of Fer will in general differ among alleles,
but at a two-allele locus, Fer will be the sameé for
both alleles. Nei (1973a, 1977) extended the
notion of ¥gr by providing a measure of
chifferentiation called the Gep. It 15 based on
allele frequencies at several multiallelic loci. For
a given locus, if py is the frequency of allele k in

subpopulation i then Hy, p, and the Hy are

given by,

H, =1-2p5 . (L.5)
k
) Z P
P, = ——— . (1.6)
n
_2
and  Hy=1-Yp, (17)

where Hr is interpreted as the probability of
nonidentity of two-alleles sampled from the totai
population. Let the average of Hg and Hr with
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more than one locus be H. and Hy, then the

Gy 1s defined as,

(1.8)

For a single locus with two alleles, this becomes
the same as in (1.4)Ryman and Utter, 1987). A
connection between the Ggep and the Fgp can be
shown by letting Fgpy,y be the value of Fep for

T TE P F I S R g n s ol
aliele k at locus 1, and p!‘l be the Jl'liiqmil’l\dy o
:

this allele averaged over the total population.

Then the Fsr can be defined as the weighted
average of Fgry over all alleles, with weights

proportional o p{i-p,). This E\f 1%
identical to Ggy in Equation (1.8} {Wright, 1978),

zﬁm (1P Esryy
=G =K
: N zﬁkl(i'_—ﬁki)
k.

(1.9

Since the actual distribution of the Fgp index in
case of Taylor fish is unknown, we will apply a
computer based resampling method known as the

. .B()Gtstr.ap AEfron 1979} 10 e BSHTRAE B

bootstrap method can also be used to construct
confidence intervals and to perform hypothesis
tests regarding the Fyr. Based on the inference it
is possible to make an assesment of the migrating
patterns of Taylor fish and this information will
be useful to protect the breeding stocks and to
recruit adequate number of young fish to sustain
the population.

The paper is organised as follows. In section 2,
we briefly review the Bootstrap method and the
associated statistical inference procedures.  In
section 3, we discus the application of Bootstrap
estimation method for Taylor fish data. Section
4, gives the conclusions of the investigation.

3. STATISTICAL INFERENCE USING
THE BOOTSTRAP

2.1 Review of Bootstrap

This section briefly reviews the main features of
the bootstrap method.  Its relevance to the
problem discussed in this paper is quite clear as it
aitows us to find an approximate distribution for
the Fsr index which is otherwise unknowsn. The
estimation of a general parameter 8 is assumed in
the following discussion and the particular



application is discussed in section 3. The basic
steps of the bootstrap method are:
(1} The initial construction of an empirical

probability distribution (EDF) F{x]).
which 1§ & non-parametric maximum
fikelihood estimate (MLE) of the
poputation distribution function,

(1) Drawing siumnple random samples of size n
from the EDF, with replacement. This is

a “resample”, X, .

(i) Calculation of the statistic of interest, 6,

o

from this resample, yielding &, .
{iv)  Repeating the steps (i} and (4i) B tumes

to estimate the standard error of 6 .
{v) Construction of a probability distribution

~
from the B, &, values. This distribution

is the bootstrap estimate of the sampling

distribution of & , denoted by F (87),
where B is a large number depending on
the number of tests to be carried out from
data. Typically B should be 50 — 200
(Mooney and Duval (1993), Efron and
Tibshiran (1993},

2.2 Bootstrap Confidence Intervals

The estimated sampling distribution of & can be
used for such inference procedures as estimating

~

“the “hias Tof " "aRd T for obtatfing confidence

intervals around 0. An estimate of the bias of &
is given by

Bias(§)=6-6,, 2.1
B
p
where O, = bz;g , with an estimated
standard error,
(2.2)

The development of confidence intervals around
8 uses information from the estimated sampling

~

distribution of 6. An - level bootstrap

confidence interval of & is defined as those
values of § an analyst feels [{1-0) » 100]%
certain will inclade the true valie of 8, given the

variability in the sample and the shape of O°s

sampling distribution. Some well known
methods  available for developing bootstrap
confidence  intervals  are  the  Normal
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Approximation Method, Percentile Method,
Bias-Corrected Percentile (BC) Method and the
Percentile-t  Method (see, Efron and
Tibshirani,(1986)}.

2.3 Bootstrap Hypothesis Testing

{n nonparametric bootstrap hypothesis testing.
resampling can be done in a way that reflects the
nult hypotheses, even when the true hypothesis is
distant from the null. Also the tests should use
methods that are already recognized as having
good features in the closely related problem of
cenfidence interval construction.

Suppose we are inierested in  testing the
hypothesis that Hy 8 = 0, against the two sided

alternative Hy: 8 2 8, Let 8 be a function of the
sample Xy, X2, ..., %, The bootstrap estimate of 8,

At . * ;..
8 canbe computed from a resample x; . X0, ...,
X, drawn from the sample with replacement,
Consequently, the bootstrap distribution  of
PO
9 —0

5

o oA

the test, where & is the value of ¢ from the
resample. For example to test a hypothesis at the
3% level, compute a number ¥ such that

can be used to obtain critical values for

g ~

Pr(

>k} = (.05,

~

where Pr’ denotes the probability measure under
the bootstrap distribution.
Then the null hypothesis Hy will be rejected if

Fa)
158, |

~

>K,

3. ESTIMATION OF THE INDEX BY
BOOTSTRAP METHOD

This section provides the main application of the
bootstrap method to Taylor fish data. In
particular we will show how to estimate the
parameters Fgr and Ggr from the genotype data.

31 Data Description

The genotype data for Taylor fish is obtained
from the Fisheries Department of Western
Australia which is collected from six different
places - Shark Bay, Abrolhos, Geraldton, Perth,

“Wilson Inlet and Sydney: -~ - :

For each fish there are genotypes for five
different loci (eg AA AB AA AA AB) that are
coded for each of the five enzymes. The five
different enzymes in this particular data are



ADH-1, AAT-I, LGP-1, VLP-1 and MEP-Z
The five different loct for each fish represent the
alleles for each of those enzymes. In genetics,
each locus has two alleles for diploid animals, A
dipleid animal {for example, most fish and all
hurmansy has two chromosomes. The gene at a
pasticular locus will have two alleles one from
zach chromosome. These alleles work together
to provide the genetic instructions to produce a
particular form of a protein or enzyme.

The AA or AB values represent the A allele on
one chromosome and the A or B allele on the
other  chromosome. There are seven
combinations AA, AB, AC, AD, AE, BB and BD
in the data. However, AA and AB appear most
of the time and the rest of the genotype alleles
appear only once or iwice.
these penotypes may be related to  the
geographical location. The sample sizes at the
different locations are as shown in Table 3.1

Table 3.1: Sample size of the data at different
Locations.

Locus
Location 1 2 3 4 5
Shark Bay 130 150 ¢ 130 150 ) 150
Abrolhos O4 94 94 94 84
CGeraldton 78 78 78 78 76
Perth 84 84 84 84 1 84
Wilson Inket 106 | 106 | 106 | 106} 104
ASydney e Joe 58t 58 |58 ] 58 5
3.2 The Fyyr and the Ggy Calculation

The boctstrap analysis assumes that the loci are
independent. This was confirmed by a Chi-
squared test performed on the dala.

The calcutation of the Fyy for allele A in locusl
is shown below. The procedure is repeated to
obtain the Fgy for alleles B, C, D and E in focus §
and at ali otherloci 2, 3,4 and 5.

The frequency of

Location No of Allele A
Shark Bay 149
Abrothos 90
Geraldton 73
Perth 76
Wilson Inlet 97
Sydney 56

To be able to use equations [.1 to 1.9 the
required values of pe, and qp, are calculated from
the table as follows:

140 g
=0.93333, py  =—= 095745,
150 94

P
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73 76
pr  =——=0.9359, p =— = ().90476,
78 84
97
ps  =——=091509, p, =— = {1.96552,
106 58
q  =l-p=006667. g =1-p,= 0.042375,
gz =l-p=0.00641, gy =l-ps=0.009524
Qs =l-ps=0.08491, ¢,  =I-pe= (03448,

From {1.2) the Hy, can be calculated as follows:

Hi=1-(p; +q;)=012444,
Hi=1-(pl+g3)=008148,
Hs=1-(p; +q2)=0.11999,
Hi=1-(p; +q;)=017234,
—(ps +q3)=0.15539,
Hs=1-(p] +q})=006659.

Hs=1

Thus the H, is given by

ZHZ

§)

= 0120955 (see, (1.1}

Now the avernge values of p and g are given by

r =zf Zp

0935342, and

g = 1- F = 0.064658.

Thus from (1.3} we get,
— -y
H, =1~ (pz +4° J= 0.120955 and hence,

H s

from(14) , F o = | — = BOOTSTS.

H

The Fsy vaiues calculated for each locus and sach
allele are summarised in table 3.2 below.

Note that the Fgr value 13 set to zero for any
particular Locus type which does not contain
certain alleles. The Ggr calculated from (1.9)
yields a value of $.86297705.

3.3 Analysis of the Results

Using bootstrap samples, 1000, Fsr values for
each allele .in each loci and 1000, G values
were  compuied  wusing  a  customised C
Programme. The entire set of resuits is not
presented here due to space constraints and in the
foregoing we only present, a few distributions of
FST and the GST, The GST index is a weighted



Table 3.2: The Fst Values using Hardy-Weinberg Expectation.

Allele
Locus A B C D E
| 0.007575 0.016699 0.007874 0.028902 0.005562
2 £.026087 0.026467 (.003562 - -
3 0.010186 0.019619 0.012469 0.008977 -
El 0.016256 0.008165 0.01127 - -
3 0.026193 0.026193 - - -

average of Fer values over all alleles in every
loci, hence, construction of confidence intervals
and hypothesis testing were resorted just for this
index.

32.3.1 The Distribution of Fyy

| i | i i i {
0005 00085 0015 0025 0035 0045 0056

Figure 3.1 The distribution of Fyy for
Adlele A in locus one

The Fer distribution curve for alleles A
and B are almost identical and their
distributions are similar to a linearly
transformed chisquared distribution. If we
increase the bootstrap sample size, the
curve will be smoother especially for locus
three and four. Alleles C, D and E rarely
appear in every foci and therefore we
could not say much about their distribution
curves,

3.3.2  The Distribution of Gyy

Figure 3.2 The distribution of the Ggp

The distribution curve of Ggr is similar to a
transformed chisquare distribution. The curve
will be smoother if the bootstrapping sample size
is increased. The mean of the Ggr value from
Figure 3.2 appears to be different to calculated
Ggy value of 0.0197705. This is due to the bias
in the bootstrapping analysis. The estimation of
bias will be carried out in section 3.3.5.

333  Confidence interval for Ggr

A 95% confidence interval for Ggp obtained from
the percentile method gives {0.018515 < Ggr <
0.039602), while the Chi-squared approximation
gives (0.018593281 < Ggr < 0.039794736). Itis
clear that the two are approximately equal
suggesting that the Chi-squared approximation is
LEEASONADIE.

3.3.4 A test of Hypothesis for Ggy

Artest of hypothesis that the Gyr is sigdificantly
different from zero is carried out in this section
following a method due o Hali and
Wilson(1991).To test,

E{g: GST =0 . Hal G5T> .

Calculate the test statistic value as,
test stalistic = | Gg—0 l = (.0197703,

where Ggp is an estimate of the Ggr which is

obtained using genotype data.
When o = 0.05, the critical value of

l GéT - GS’I"
method is approximately 0.0176695 Thus,there is

evidence in the data to reject Hy, implying that
the Gsr is significantly different from zero.

obtained from the percentile

335  Biasof GST

Equation (2.1} gives the estimated Bias of Ggp
as, [Bias(Ggr =G - Ggpo
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Gity =

o0
it

1=
R tzj C))
3

where

27.145 3
= 1—;8.027143.

ic. estimate [Bias( G )l= -0.0073745

The standard error of the bias using eguation
{Z2.2) s given by,

hoeo )
/Z(G - 0.027145)?

M 2zl = 0.0054915
509
The ratio of the estimated bias w0 the standard
00073745 .

Error iy~ =] 34 which is fairly large.
0.0054915

4, Conclusions

In this paper we have described how the

bootstrap method can be used to estimate the
fixation index parameter and perform associated
inferences for the Taylor fish data. The tests
seert to indicate that the Ggp parameter is
significantly different from zero. Accordingly
..the following conclusions can be drawn: ...

It appears that the Taylor fish stocks o

genetically different which indicates that they do
not travel significantly. They just stay in their
own-area-or-only-a-small-number-is-travelling to
other areas. These movements are not
significant. When the fish stocks are different, if
cne stock is depleted due to over fishing it will
not be replemished by other stocks. This is an
important finding for the Fisheries managers
responsible for conserving fish stocks.

In the analysis we have taken oaly 1000
resamples, which is the minimum need according
to Efron and Tibshirani{1986). However, we
expect that the estimated Ggr will be similar for
larger aumber of resamples. This and the
remaval of bias needs further investigation.
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