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Objectives : This study was conducted to propose a
new transmission/disequilibrium test{TDT) to test the
linkage between genetic markers and disease-
susceptibility genes based on haplotypes. Simulation
studies were performed to compare the proposed method
with that of Zhao et al. in terms of type | error probability
and powers.

Methods : We estimated the haplotype Tequencies using
the expectation-maximization{EM} algorithm with parents’
genotypes taken from atrio dataset, and then constructed a
two-way contingency table containing estimated
frequencies to all possible pairs of parents” haplotypes. We
proposed a score test based on differences between
column marginals and their comesponding row marginals.
The test also involved a covariance structure of marginal
differences and their variances. In simulation, we
considered a coalescent model with three genetic markers
of hiallele to investigate the performance of the proposed

test under six different configurations.

Results ;. The haplotype-based TDT statistics, our test
and Zhao et al "5 test satisfied a type | error probability, but
the TDT test based on single locus showed a conservative
trend. As expected, the tests based on haplotypes also had
better powers than those based on single locus. Our test
and that of Zhao et al. were comparable in powers.

Conclusion : We proposed a TDT statistic based on
haplotypes and showed through simulations that our test
was more powerful than the single locus-based test. We
will extend our method to multiplex data with affected
and/or unaffected sibling(s) or simplex data having only one
parent’s genotvpe.
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Figure1. Genealogy of four mutations at four lod used in simulaion study.
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Table 1. Typas of haplotype Fequencies and background diseases risk in each population

N . Baclwramd Haplotypes frequency®
Configuration  Pepulation i o rige (. 5, B, i 7 B I, )

1 1 01 (0343, 0.147, 0147, 0.063, 0.147, 0.063, 0.063, 0.027)
) 01 (0490, 0.000, 0210, 0,000, 0.210, 0.000, 0,090, 0,000)

I i 0.2 (0343, 0.147 0147, 0.063, 0.147, 0.063, 0,063, 0.027)
) 01 (0490, 0.000, 0210, 0,000, 0.210, 0.000, 0,090, 0,000)

i i 01 (0343, 0.147 0147, 0.063, 0.147, 0.063, 0,063, 0.027)
) 01 (0343, 0.147, 0147, 0.063, 0.147, 0.063, 0.063, 0.027)

v i 0.2 (0343, 0.147 0147, 0.063, 0.147, 0.063, 0,063, 0.027)
) 01 (0343, 0.147, 0147, 0.063, 0.147, 0.063, 0.063, 0.027)

v i 01 (0135, 0.125, 0125, 0135, 0135, 0.125, 0.1%, 0.125)
) 01 (0135, 0.125, 0125, 0135, 0.135, 0.135, 0135, 0.125)

i i 0.2 (0135, 0.125, 0125, 0135, 0135, 0.125, 0.1%, 0.125)
) 01 (0135, 0.125, 0125, 0135, 0.135, 0.135, 0135, 0.125)

" F=(h, My M), B=(0A, M, i), H=(80, ne, M), Hi=(h, v, i), H=(nm, Mo, M), He=(pm, Mo, i),

=, e, M), He=(pn, me, 1)

|Gamhaﬂubpeaaaampopm|<—{: Paraneters ')

I ——
| cosmotpetchpion: |
g
| Deeminectipings by |
| Covetlopobp nbgacips |
ol T
Capanffoced i Frbadufisced ofipring
L Contd=12 TrioPaent and off; pring.
| | |
g bchand Hopltipeband Hafpetend ekt
gy | [wsewe || o [EE wee
L ]
Jro i
Teplotype froquancy
o | Chbuladastsh;idi:sanip\ahe |
Terim

Figure 2. Flow chart of simulation.
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Table 2. Ermpirical levels of single locus-based and haplotype-based tests according to vanous

configurations
Caza-Centrol Trio
ﬁgg(ajlr}—m* singhk bats-bassd dibsquarstest  haplotype shgle locus-based TDT! haplotype®
as]  loows?  loow3  CETD  law!  louws?  loms? T T

I 0.040 0.045 0.030 0.070 0.030
1I 0.030 0.050 0.270 01m 0.015
I 0.085 0.040 0.025 0.043 0.015
IV 0.055 0.045 0.06) 0,080 0.055
V 0.08) 0.030 0.040 0075 0.035
Wl 0.055 0.070 0,050 0,080 0.045

0.040 0.035 0.035 0.080)
0.035 0.045 0.045 0.050
0.023 0.015 0.050 0.030
0.010 0.045 0.075 0.080)
0.080 0.030 0.035 0.040
0.050 0.040 0.035 0.040

* gonfiguration is the same as showmn in Table 1.

1 lilelihood ratio test

T transmission/disequilibrium test

% T and T are haplotype-based TDT proposed by Zhao et al.(2000) and this study, respectively

Table 3. Empirical powers of single locus-based and haplotype-based tests according to relative risks
of disease oceumencs for configurations |, IV and

Cass-Cortrol Trio
e FRT g loasband disquas et pplopps _ siighlocisbised TOT haplotype’
oosl  loos?  loos? CTRT"Y basl loow?  los? T T
I 1.2 0.0 0.070 0055 0085 0,030 0,050 0,020 nss 0065
1.6 0.0E0 0.075 0.043 0,140 0030 0,040 0.010 0,100 0,100
0 0155 0,125 0035 0,220 0.0%90 0115 0,025 IN M) 0,120
a0 0370 0340 00es 0,355 0,230 0195 0.040 0315 0,300
4.0 0.585 0,640 0050 0,320 0415 0405 0.040 0815 0.585
&0 0975 0,975 010335 0,995 0,760 0,705 0,025 0960 0.%40
IV 1.2 0.070 0,080 0.0 0055 0,003 0,030 0035 nnes 0.030
1.& 0105 0090 0,030 0150 0.070 0,085 0,030 0110 0,105
2.0 0225 0,735 0,030 0353 0083 0113 0045 0195 0,193
a0 0585 0,570 0050 0,340 0,290 0,340 0.050 0425 0435
4.0 0915 0410 0.070 0,990 0,300 0,605 0,030 0a00 0,775
&0 0995 1.000 0080 1.000 0895 0,805 0.040 0955 0,960
v 1.2 0.040 0,085 0,030 0090 0035 0,060 0,030 00a0 0.0&0

16 0115 0.105 0.035 0,185 0.070 0.083 0.025 0.110 0.085
2.0 0225 0.245 0.090 0.300 0110 0.130 0.045 0.170 0.155
3.0 0.645 0.675 0,055 0,760 0340 0.365 0.040 0485 0495
4.0 0.940 0.940 0.030 0.990 0,630 0.595 0.045 0310 0,795

6.0 Looo 1.000 0.030 1.000 0.920 0.930 0.030 0.985 0.980

* configuration is the same as shown in Table |

7 ralative risk is the ratio of the probability of diseass ocourrence in ndividuals with dissass susceptibls allelas
to that of disease occumrence in individuals without diseass susceptible alleles

+ likelthood ratio test

% transmissicn/dissquilibeum test

|| Tiwe and Teare haplotype-based TDT proposed by Zhao et al(2000) and this study, respectively
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