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ABSTRACT

For mapping and analysis of quantitative
trait loci (QTL), the maximum likelihood (ML)
estimates of parameters of mixture model can be
calculated via EM, ECM, IRLS or other methods,
whereas the asymptotic dispersion matrix of ML
estimates requires the second order derivative of
likelihood generally

function  which is



202 Crop, Environment & Bioinformatics, Vol. 4, September 2007

complicated and not easily derivable. The
calculation of asymptotic matrix of ML estimates
is important in that it enables us to evaluate the
plausibility of our statistical inference based on
ML estimates. This study proposed the calculation
of the asymptotic dispersion matrix of ML
estimates by the finite difference approximation
method if the second order derivative of
likelihood function was too complicated to derive.
To verify the correctness of the asymptotic
dispersion matrix calculated by the finite
difference approximation method, the asymptotic
dispersion matrix of the simulated normal, binary
and Poisson distributed F» intercross data were
calculated by analytical formula and the finite
difference approximation of second order
derivative. Results from the simulated F>
intercross data indicated that the asymptotic
dispersion matrices calculated by the finite
difference approximation method were very close
to those of the analytical formula. Therefore, if the
second order derivatives of likelihood functions
under various kinds of mathematical model
settings are too complicated to derive, it is
suggested to calculate the ML estimates via EM,
ECM, IRLS or other methods which do not
require the second order derivative. Once the ML
estimates is available, the asymptotic dispersion
matrix of ML estimates can be calculated by finite
difference approximation method.

Key words: Quantitative trait loci (QTL), Genetic

marker, Simple interval mapping (SIM),

Composite interval mapping (CIM),
Finite  difference = approximation
method, likelihood
estimates, The asymptotic dispersion
matrix.
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Table 1. The number of markers, number of QTL, QTL position, and QTL effects on each chromosome for

normally distributed simulation data.

QTL Position Additive effect  Dominant

Chromosome Marker QTL Number (cM) Interval (2) effect (d)
1 1~6 1 70 4 1.5 0.5

2 7~12 1 49 3 1.25 0.4

3 13~18 1 27 2 1.0 0.3

4 19~24 1 8 1 0.75 0.2

5 25~30 1 30 2 0.5 0.1

6 31~36 0 — — — —
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Table 2. The number of markers, number of QTL, QTL position, and QTL effects on each chromosome for
binary and Poisson distributed simulation data.

QTL Position Additive effect Dominant effect

Chromosome Marker  QTL Number (cM) Interval (2) (d)

1 1~6 1 70 4 3 1

2 7~12 1 49 3 25 0.8

3 13~18 1 27 2 1.0 0.3

4 19~24 1 8 1 0.75 0.2

5 25~30 1 30 2 0.5 0.1

6 31~36 0 — — — —
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Table 3. Estimates and standard errors of QTL effects by simple interval mapping for normally distributed
simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one finite
difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate ~ Approx Std Err Approx Std Err
I 01033724743  0.0321186285 0.103372 0.032119 0.0321186226
m 14.3442898189  0.2472879233 14.344290 0.247288 0.2472878338
a’ 1.2673281773  0.1749617022 1.267328 0.174962 0.1749616824
d’ 0.0291557183  0.2562767363 0.029156 0.256277 0.2562765324
s? 3.0189030628  0.2818107323 3.018903 0.281811 0.2818108971

Table 4. Estimates and standard errors of QTL effects by simple interval mapping for binary distributed
simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one finite
difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate ~ Approx Std Err  Approx Std Err
K 0.0821865944 0.0137376152 0.082187 0.013738 0.0137376155
m 41981539641 1.2642277158 -4.198150 1.264223 1.2642035972
a’ -2.9386203497 0.6462376693 2.938618 0.646235 0.6462265647
d -1.6600799139  0.6801748182 1.660078 0.680173 0.6801614814
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Table 5. Estimates and standard errors of QTL effects by simple interval mapping for Poisson distributed
simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one finite
difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate Approx Std Err  Approx Std Err
n 0.07910399 0.01132901 0.07910 0.01133 0.0113290048
m 1.56378800 0.05238321 1.56379 0.05238 0.0523832689
a 0.41785997 0.03029599 0.41786 0.03030 0.0302960074
d 0.23660175 0.04285275 0.23660 0.04285 0.0428528149

Table 6. Estimates and standard errors of QTL effects by composite interval mapping for normally
distributed simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one
finite difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate Approx Std Err  Approx Std Err
14 0.1231287488  0.0196117990 0.123129 0.019612 0.0196118092
m 8.6148404372  0.5023998330 8.614842 0.502400 0.5024000061
a’ 1.5965514460  0.1870942538 1.596551 0.187094 0.1870943872
d’ 0.1777568817  0.1950055936 0.177757 0.195006 0.1950060128
s 0.9455191746  0.1192609827 0.945519 0.119261 0.1192610218

it — X Py SR IR I = R o =0
TR/ R iR R - AR S R E AL
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FH R[] > BT RO G T A SR AT A A4 B AR
W 5 M i A W RE £ /£ QTL 19 fiL B Ry
#=0.0873130722 » SE(#)=0.0123980477
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Table 7. Estimates and standard errors of QTL effects by composite interval mapping for binary
distributed simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one
finite difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate Approx Std Err  Approx Std Err
n 0.0873130722  0.0123980477 0.08731 0.01240 0.0123980608
m 21.8068593076  5.0251756022 21.80686 5.02518 5.0252245377
a -7.3782093790  1.7702714542 -7.37821 1.77027 1.7702892510
d -4.6310371276 ~ 1.2333122095 -4.63104 1.23331 1.2333226499

Table 8. Estimates and standard errors of QTL effects by composite interval mapping for Poisson
distributed simulation data from two analytic derivatives (Fortran NR and SAS NLP) and one
finite difference approximation (Fortran FD, standard error only).

Fortran NR SAS NLP
(analytic derivatives) (analytic derivatives) Fortran FD
Parameter Estimate Approx Std Err Estimate Approx Std Err Approx Std Err
n 0.06941064 0.01489874 0.069403 0.014898 0.0148987268
m 0.98655288 0.11758918 0.986580 0.117589 0.1175889841
a’ 0.43190675 0.03980539 0.431931 0.039806 0.0398053393
d’ 0.15401118 0.04726772 0.154017 0.047268 0.0472676553
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