HAPSTAT statistical analysis of haplotype-disease association

Input data

HAPSTAT supports data from cross-sectional, case-control and cohort (including case-cohort and nested
case-control) association studies. The cross-sectional design collects data on a random sample of individuals.
In the case-control design, data is collected on a sample of diseased individuals or cases and a sample of
disease-free individuals or controls. The cohort design follows a sample of at-risk individuals over time and
records their times of disease occurrence. The individuals who are withdrawn prematurely or who are
disease-free at the end of the cohort study have censored observations, in that their ages at onset are only

known to be beyond their durations of follow-up.

File format

HAPSTAT accepts ANSI-encoded text files containing data in a tabular (row-column) format. Each row
contains space or tab delimited data specific to an individual. The file must contain one column describing
either the trait value of the individual in the cross-sectional study or the disease status of the individual in
the case-control study. The cohort study requires two columns of data per individual providing the
observation time and event indicator. The file must also contain one or more columns representing the multi-
SNP genotype. Optionally, the file may include one or more columns of environmental covariates. Column
titles may be specified in the first line of the file, although not required, and must also be space or tab

delimited. The file may contain columns of extraneous data. There are no requirements on the column order.

Data specification

In cross-sectional studies, disease-related traits are represented by decimal values. In case-control studies,
the disease status is specified by 1 for cases or 0 for controls. In cohort studies, decimal values represent the
observation times and a binary event indicator distinguishes between uncensored and censored individuals

by the values 1 and 0, respectively.

The multi-SNP genotype is represented by a sequence of the values 0, 1 and 2, corresponding to the number
of occurrences of a specific allele at each SNP site. Any other value is assumed to indicate missing SNP data.
Individuals are allowed to have missing data at all SNP sites. Environmental covariates are represented by

decimal values and may not contain missing values.

The file case-control.dat, shown below, contains simulated data for a case-control study of 2000 individuals

genotyped at five SNPs, where some SNP values are missing.

Status Age Gender SNP1 SNP2 SNP3 SNP4 SNP5 i’
1 48 0 2 1 0 2 2

1 49 0 1 2 - 2

1 40 0 0 2 2 0 .

1 44 1 - 1 1 1 1

1 24 0 1 1 1 1 1

1 48 1 0 2 1 1

1 48 1 2 0 0 - 2

1 36 1 0 2 2 0 0 g
1 VKe) 1 n o) o) n n

case-control.dat: Format of case-control data for HAPSTAT input.
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The disease status is specified in the first column, titled “Status”. The columns “Age” and “Gender” contain
environmental covariate data, and the columns SNP1-SNP5 represent the five SNP sites. The ‘.-’ character

indicates a missing SNP value.
Data import
To open a file in HAPSTAT, select the menu option File »Open and choose the study type corresponding to

your data from the submenu. Browse to the directory where your data file resides, select your file and click
the Open button. The HAPSTAT display after importing case-control.dat is shown in Figure 1.1.
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Ready. i

Figure 1.1: Importing a case-control data file.
You may only have one file open in HAPSTAT at any time, so you must close the current file by selecting the
menu option File » Close before opening another.
Header data
HAPSTAT will attempt to detect if the first line of your file contains column titles or actual data. You can
toggle what HAPSTAT decides by checking/unchecking the menu option Settings » Include header.
Variable selection
To specify the columns in your file which correspond to the variables HAPSTAT should use for analysis, first

click inside the text area of the variable you wish to set in the Variables box on the right panel. Then select

the columns of data corresponding to that variable by clicking on the column labels on the left panel. You can

HAPSTAT 1.0 2



show or hide unselected columns by toggling the Filter and Show all radio buttons. The variables chosen

from case-control.dat are shown in Figure 1.2.
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Figure 1.2: Selecting case-control variables.

Choose to estimate haplotype frequencies and/or haplotype effects from the Analysis box on the right panel

and then click Continue.

Edit/clear selection

To change your variable selections after the Continue button is clicked, return to the file tab and click the

Edit button. Select Settings » Clear to clear all variables.

Sorting

To sort data, right click on the title of the column you wish to sort by and select Sort ascending or Sort

descending. All columns will be sorted accordingly.
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Frequency estimation

Navigation

Select the tab labeled Frequencies in the left panel; see Figure 1.3. The options available to the user are

located in the right panel. After you click on Calculate, your results will display on the left.

File Settings Help

=l0ix|

case-control.dat  Frequencies IAdditive effects I Joint additive effects I - EErEEERES EiE
Haplotype | Controls | Caees | = Tolerance: W Iterations: W:ll

L Qooon 0.0000 0,0000

1 0ooo1 10,0000 0,0000 .
—— — Assumptions

z oooio 0.0000 0.0000
3 | o001 0.0057 0.0013 & Hardy-Weinberg equilibrium
| Qo100 0.0054 0.0039 " Hardy-weinberg disequilibrium
T o010l 0.0000 0.0000
[ & | 00110 0.0010 0.0000 [ SemielEs
I 00111 0.0000 0.0000 W Cases
& | 01000 0.0000 0.0000 W Contrals
ER 01001 0.0000 0.0000 ™ Combined

10 01010 0.0000 0,0000
|11 | n1011 0.1375 0.1129
i 01100 0.2501 0.3490

13 01101 0.0005 0,0006
|14 | n1110 0.0000 0.0000
i o1111 0.0020 0.0025 o
i 10000 0.0140 0,0079

17 10001 10,0000 0,0000
E 10010 0.0000 0.0000
i 10011 0.3338 0.3231

20 10100 0.0629 0.0514
[ 21 ] 10101 0.0000 0.0000 calculate |
22 10110 00,0363 00,0195 j

Haplotype frequencies under Hardy-Weinberg equilibrium

case-control dat Sample Loyg-Likelihood Iterations Status

Subjects: 2000 Controls -E819_Z3E8 jc1 Success.

Cases: 1000 Cases —E573_8463 54 Success.

Contrals: 1000

SMPs: S

Covariates: 2

|F|ead_l,l. 4
Figure 1.3: Estimating haplotype frequencies under Hardy-Weinberg equilibrium.

Convergence criteria

These settings apply to the EM algorithm used by HAPSTAT to estimate haplotype frequencies. The algorithm

will terminate when the number of EM iterations exceeds the value specified by Iterations or when the

change in parameter values between successive iterations satisfies the following inequality:

max | 6k,i |

where € denotes the specified value of Tolerance,

Oy,i

7

and 8 ; is the estimate of parameter k at iteration i. By default, €

2000.
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Assumptions

Toggling the radio buttons in this box will estimate haplotype frequencies assuming that the population is in
Hardy-Weinberg equilibrium (default) or disequilibrium. For Hardy-Weinberg disequilibrium, HAPSTAT will

return an estimate for the inbreeding coefficient (p).

Samples

For cross-sectional studies, HAPSTAT will automatically estimate frequencies based on all individuals. For a
case-control study, choose to estimate haplotype frequencies of the combined case-control sample or
consider cases and controls separately. For a cohort study, check Cohort to estimate haplotype frequencies
based on all genotyped cohort members. Under case-cohort or nested case-control designs, the genotyped
individuals are not representative of the entire cohort. Thus HAPSTAT also estimates haplotype frequencies
based on all genotyped controls and a random sample of cases such that the proportion of cases used for
estimation is the same as the proportion of controls that are genotyped. This option is referred to as

Subcohort. Multiple selections are permitted.

Summary

The results of the frequency estimation are summarized in the lower panel of the HAPSTAT display. In the
rare event that the computation fails, an error status message is shown. It may then be necessary to

increase the maximum iterations or decrease the error tolerance.

Sorting

To sort the frequency estimates shown in the left panel, right click on the title of the column you wish to sort

by and select Sort ascending or Sort descending. All columns will be sorted accordingly.
Filtering
To display frequencies above a certain threshold, right click on the column header and select Filter. In the

dialog box, specify the desired threshold and the frequency sample to filter by. Select Show all to disable the
filter.

Precision
You may change the decimal precision of the displayed frequency values via the menu option

Settings »Precision. In the dialog box, enter the desired number of significant digits. The default setting is 4

significant digits.

Saving

To save frequency estimates, select the menu option File » Save, navigate to the desired directory and enter
a file name or choose an existing one. Overwrite and append options are supported for existing files.

Selecting the menu option File » Save All will save results of all open tabs. HAPSTAT result files are in text

format and can be opened with common word processing software.
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Effects estimation

HAPSTAT estimates the effects of haplotypes and environmental covariates and haplotype-environment
interactions through regression modeling. For quantitative traits, the linear regression model is employed.
For binary traits, the logistic regression model is employed, and the regression parameters pertain to the log
odds ratios. For age-at-onset data, the Cox proportional hazards model is employed, and the regression
parameters pertain to the log hazard ratio. The mode of inheritance can be additive, dominant, recessive or
codominant. Under the additive model, having two copies of a causal haplotype has twice the effect on the
trait as compared to having a single copy. Under the dominant model, having one or two copies has the
same effect. Under the recessive model, only having two copies of the causal haplotype will affect the trait.
Under the codominant model, the effect of having two copies can be arbitrarily different from that of having

a single copy.

Navigation

HAPSTAT will fit both separate and joint models. Under the separate model, each haplotype is compared in
turn to all of the others. Under the joint model, all haplotypes are simultaneously compared to one reference
haplotype. Estimate separate effects by selecting the tab in the left panel labeled Additive effects. The

options available to the user display in the right panel, shown in Figure 1.4.

HAPSTAT & al of ha : o ] |

Fil=  Settings Help

case-control, dat I Frequencies Additive effects IJoint additive effects |

— Convergence crikeria
| Estimate | Standard Error | Z-gkatistic P-4alus = Tellereres ID.DDUI Tk, I =00 j
Haplotype 01011
Effects — Assumptions
01011 -0.7793 0.3650 -2.1352 0.0327
Madel: I.ﬂ.dditive vl HWE + HwD
Age 00,0279 0,0057 4,9031 0,0000 =
Gender -0.0691 0.0964 -0.717z2 0.4733
01011 * Age 0.0114 0.0091 12600 0.2077 [ (el el
01011 * Gender 10,2636 0.1525 17677 0.0771 Frequency: [0.001 ficontrols =]
Frequencies Effects: IU-UI IMin {Cases, Contrals) j
noo11 0.0042 0.0013 3.2441 00012
00100 0.0044 0.0013 33112 0,0009 X )
— Enviranmental covariates
01011 0.1365 0.0051 16,7637 0.0000
01100 10,2953 0.0076 36,7244 0,0000 Main effects: [Age, Gender =
01111 0.0023 0,000 2.7638 0,0057 Interactions: [age, Gender =]
1o0oo 0.0108 0.0017 6.4542 0.0000
10011 0.3245 0.0079 40,8333 0,0000
10100 0.0562 00041 13,7942 0,0000
o110 0.0277 0.0026 10,5118 0.0000
11011 0.1270 0.0056 22,5578 0.0000
11100 0.0039 0.0019 4,7231 0,0000
11111 00017 0,0007 2.3952 0.0166
Haplotype 01100
Effacts ﬂ Calculate |
|
case-control dat Additive effects under Hardy-Weinberg ecquilibrium
Subjects: 19972000 Haplotype Log-Likelihood Iterations Status
Cases: 999/1000 o10ll —E7EE. 2888 4 Success.
Controls: 938/1000 olioo —-5742. 6010 4 Buccess.
ShPs: ' 5 10011 —-&769.10&64 4 Buccess.
s'_ 0100 —E7E3. 206 4 Success.
Covariates: 2| Jio11o -6763.9333 5 Success.
11011 —6768. 2543 4 Success. -
|Ready. o

Figure 1.4: Estimating additive haplotype effects under separate models.
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Select the tab in the left panel labeled Joint additive effects to estimate effects under the joint model. The

options available to the user are shown in Figure 1.5.

=l0ix|

File Settings Help

case-control.dat I Frequencies I Additive effects  Joint additive effects I - EErEEERES EiE
| Estimate Standard Error | Z-Statiskic P-¥alue = T ID.DDUI TR I =00 j
Effects
01011 -0.7415 0,3219 -1.8918 0.0585 ~ Assumptions
01100 0.3445 0.2522 1.3659 0.1720
Madel: I.ﬂ.dditive v[ HWE & HwD
10100 0.1545 0,5269 0,2933 0,7693
10110 -1,9310 0,8377 -2,36458 00180
11011 -0.3484 0.3742 -0.9310 0,3519 [ (el el
Age 0.0256 0,0092 2.7875 0.0053 Frequency: [0.001 fcontrols =l
Gender -0.1481 0.1558 -0.9505 03418 Effects: IU.DI IMin (Cases,Cantrals) j
01011 * Age 0.0120 0.0095 1.2243 0.2208
01011 * Gender 0,3009 0.1650 1.8257 00682 X )
— Environmental covariates
01100 * Age -0,0002 10,0064 -0.0328 0,9739
01100 * Gender 0.1202 0.1085 1.1080 0.2679 Main effects: |-°‘99: Gender =l
10100 * Age -0.0085 10,0137 -0.4770 0.6334 Interactions: [Age, Gender =
10100 * Gender -0,1199 00,2338 -0.5128 0,6081
*
10110 * Age 0.0344 0.0205 1.6767 0.0936 |1 piopiokvpes
10110 * Gender 0.2402 10,3345 0.7151 0.4727
11011 * fige 0.0075 0,0095 0.7911 0.4289 Reference: {10011 =
11011 * Gender -0.0352 0,159 -0.2204 0.8256 Main effects: |01011, 01100, 10100, 10110, 110]¥ |
Frequencies Interactions: |01011, 0ilo0, 10100, 10110, 110:L|
oooil 0,0043 0.0013 3.2059 0.0013
00100 0.0047 0.0014 3.3224 0.0009
01011 01361 0.0083 16,6810 0.0000 o | Celloultie |
o1ioo -&7458_&010 4 Buccess. ;I
case-control dat 10011 -6769.1064 4 Success.
Subjects: 1997/2000 10100 -5769. 3066 4 Success.
Cases: 99971000 1o11a -6T63. 3333 5 Buccess.
Gl 558/1000 11011 -GT65. 2543 4 Buccess.
SNPS:_ e Joint additiwve effects under Hardy-TWeinberg equilibrium
Covariates: Z Log-Likelihood Iterations Status
-5739_Z6E% & Success. -
Feady. i

Figure 1.5: Estimating additive haplotype effects under the joint model.
The additive genetic model is set by default; changing this setting in the options panel will change the
selected tab label accordingly. After you click on Calculate, your results will display on the left.
Convergence criteria
The same convergence criteria are used as the EM algorithm to estimate haplotype frequencies. See the

previous section for details. The maximization is taken over all parameters in the likelihood. The default

tolerance is 10~% and the number of iterations is 500.

Assumptions

Select the additive, recessive, dominant or codominant mode of inheritance from the Model dropdown menu.
Toggling the HWE and HWD radio buttons in this box will estimate haplotype effects under Hardy-Weinberg

equilibrium (default) or disequilibrium. For Hardy-Weinberg disequilibrium, HAPSTAT will return an estimate

for the inbreeding coefficient (p).

Haplotype thresholds

The haplotypes whose frequencies are no greater than the value specified by the Frequency threshold are

removed from calculation. For case-control and cohort studies, frequencies are determined by the sample
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chosen from the adjacent dropdown menu. The default threshold is given by
max ( 2/n, 0.001 ),

where n is the total sample size. For case-control studies, the control sample is chosen by default; for cohort
studies, the subcohort is the default. Under the separate model, haplotype effects are estimated for all

haplotypes with frequencies exceeding the value specified by the Effects threshold. The default value is
max ( 20/n, 0.01).

For case-control studies, this threshold is satisfied by both the case and control samples by default. For
cohort studies, the default is the subcohort.

Under the joint model, the effects of all haplotypes with frequencies exceeding the value specified by the
Effects threshold are compared to a reference group. The reference group consists of the reference haplotype
and those haplotypes whose frequencies are below the Effects threshold. The threshold values should be
increased if non-convergence is encountered. In Figure 1.6, for example, HAPSTAT failed to estimate
recessive joint effects under Hardy-Weinberg disequilibrium using the default settings. By changing the

Effects threshold to 0.02, you should obtain the results given in case-control.out.

E= HaPsTAT & al analysis of ha tions (]

File Settings Help

case-control.dat I Frequencies I Additive effects  Joint recessive effects | - EErEEERES EiE
| Estimate Standard Error | Z2-Skatiskic P-Yalue = Tellereres ID.DDDI TRl ISDD j
Effects
0101t -1.9687 1,3780 -1.4286 0.1531 — Assumpkions
01100 0.3551 0.4257 0.9117 0.3819 -
Vodel [recessve (=] HWE O o &
10100 0.1714 1.7495 0.0930 0.9220
10110 -22,0678 250102,2091 -0.0001 0,9999
11011 -0.2837 1.0817 -0.2623 0.7931 [ (el el
Age 0.0295 10,0056 5.2553 0.0000 Frequency: [0.001 fcontrols =l
Gender 0.0422 0.0852 -0.4430 0.657% Effects: IU.DI IMin (Cases,Contrals) j
01011 * Age 0.0341 0.0332 1.0275 0.3042
01011 * Gender 0.5530 0.5599 0.9576 0.3233 ) :
— Environmental covariates
01100* Age 0.0011 0.0105 0.1040 0.9171
01100 * Gender 0.2271 0.1841 1.2334 0.2174 Main effects: |Age, Gender ;|
10100* Age 0.0043 0.0454 0.0949 0.9244 Interactions: I,n,g.gJ Gender ;I
10100 * Gender -0,2841 0.7735 -0,3673 07134
10110°% Age -0.0158 BESE, 1024 -0.0000 1.0000 — Haplotypes
10110 * Gender 0.0114 113996.0259 0.0000 1.0000
11011 * Age 0.0115 0.0274 04194 0.6749 Reference: 10011 [
11011 * Gender -0,3240 04655 -0.6961 0.4864 Main effects: IUlUllJ 01100, 10100, 10110, 1103:'
Frequencies Interactions: |01011, 01100, 10100, 10110, llﬂ:LI
0001t 0.0041 0.0014 3.0085 0.0026
00100 0.0046 0.0014 3.1769 0.0015
00110 00005 0.0004 11636 0.2446 etz |
[ |
case-control dat Haplotype frequencies under Hardy-Weinberg disecuilibrium
Subjects: 199372000 Sample Dho Log-Likelihood TIterations Status
Cases: 999,!'1000 Controls 0O.0552 -Z809.3464 43 Success.
Cantrols: 999,!'1000 Cases 0.0501 -E575.0145 71 Success.
SNPS:_ e Joint recessive effects under Hardy-Weinberg disecuilibrium
Covariates: 2 Bho Log-Likelihood Iterations Status
0.0476  -6746_ 1770 23 Iteration failed to conwvergs. -
A

|F| eady.

Figure 1.6: Estimating recessive haplotype effects under the joint model.

Environmental covariates

Calculate the haplotype effects and haplotype-environment interactions for (possibly empty) subsets of
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environmental covariates using the Main effects and Interactions dropdown menus. By default, all covariates

chosen from the input data are selected.

Haplotypes

Calculate the haplotype effects and haplotype-environment interactions using (possibly empty) subsets of
the haplotypes determined from the Effects threshold using the Reference, Main effects and Interactions
dropdown menus. By default, the reference haplotype is set to the most frequent, and all remaining
haplotypes are selected for computation.

Summary
In the left panel, HAPSTAT displays the estimates of regression parameters and their standard errors,
together with the Wald statistics and two-sided p-values. The lower panel displays the log-likelihood

value(s). You can calculate the likelihood ratio statistic to test a set of parameters by fitting the models with

and without the set of parameters of interest.

Precision

You may change the decimal precision of the displayed results via the menu option Settings »Precision. In
the dialog box, enter the desired number of significant digits. The default setting is 4 significant digits.

Saving

Select the menu option File » Save to save the effects estimates. This option will save the values shown in the
current tab only. To save the results of all open tabs, including haplotype frequencies, use the File » Save All

menu option. The results for the case-control data using the options shown in Figures 1.3 —1.5 are given in

case-control.out.
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Examples

Cohort data

The file cohort.dat, shown below, contains simulated data from a cohort study of 5000 individuals genotyped
at five SNPs. The observation time and event indicator are specified in the columns titled “Time” and
“Status”, respectively. The “"Smoking” column contains environmental covariate data, and the columns SNP1-

SNP5 represent the five SNP sites. Missing SNP values are indicated by ‘9.

Time Status Smoking SNP1
1000
764
1000
718
1000
1000
1000
160
1000

NP4

NP5 ﬂ

S S
1 2
2 0
2 0
1 2
2 1
2 1
2 0
0 9

S S
0 1
2 2
2 1
1 2
1 2
1 2
2 9
0 2
1 1

[cNoNoNoNol Nol Ne
OrPrPOORFrORrOo
PNOOWORFROOR

[

1 1
cohort.dat: Example cohort data file for HAPSTAT input.

Select the tab labeled Frequencies in the left panel. In the right panel, select Hardy-Weinberg disequilibrium,

check both the Cohort and Subcohort samples and click on Calculate. See Figure 2.1.

=loi=|

File  Settings Help

cohort dat Frequencies | additive effects | Joint additive effects | ~ Comvergence crteria
- N
Haplatype | Cohort | Subeohort | — Tolerance: IU.UDUUDI Iterations: IZDDD j
0 Q0000 0.0000 0.0000
1 00001 0.0000 0.0000 .
— — Assumptions
2 0010 0.0000 0.0000
3 00011 0.0000 0.0000 " Hardy-Weinberg equilibrium
2 | oo100 0.0103 0.0096 & Hardy-Weinberg disequilibrium
5 0101 0.0000 0.0000 :
6 o110 0.0672 0.0640 Samples
7 oot11 0.1601 0.1644 F# cohort
8 01000 0.0000 0.0000 W' Subcohort
9 01001 0.0000 0.0000
10 01010 0.0000 0.0000
11 01011 0.0000 0.0000
12 01100 0.1625 0.1465
13 01101 0.2190 0.2228
14 o1110 0.0134 0.0147 =
15 01111 0.0079 0.0086
16 10000 0.0000 0.0000
17 10001 0.0000 0.0000
15 10010 0.0927 0.0961
19 10011 0.2665 0.2729
20 10100 0.0000 0.0000
21 10101 0.0000 0.0000 Calculate |
22 10110 10,0000 00,0000 LI
Haplotype frecquencies under Hardy-Weinberg equilibrium
cohort.dat Sample Log-Likelihood TIterations Status
Subjects: S000 Subcohort -4465.1359 ZE Success.
Events: 687
Censoring rate: 0.56 Haplotype frecuencies u.m?ler Hardy—[ﬂeinberg disecuilibrium
Shps: 5 Sanple Fho Log-Likelihood Iterations Status
- Cohort 0.0291 -E773_89232 1E2 Success.
Covariates: L |subcohort 0.0361 -4460 4553 7z Success.
Feady. 4

Figure 2.1: Estimating haplotype frequencies under Hardy-Weinberg disequilibrium.
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Select the tab labeled Additive effects. To estimate dominant effects under Hardy-Weinberg disequilibrium,

change the Assumptions settings by highlighting the Dominant model and selecting the HWD radio button.

Click on Calculate to obtain the results in Figure 2.2.

Help

File  Settings

=loi=|

cohort.dat | Frequencies  Dominant effects |J0int additive effects I

— Convergence crikeria

Estimate | Standard Error | Z-gkatistic P-4alus = Tellereres ID.DDUI Tk, IEDD j
Haplotype 00110
Effects — Assumptions
oo11o 0.0909 0.2932 0.3099 0.7566 -
- Model: IDomlnant 'l HWE @ HwD
2moking 10,9651 01031 99,3693 0.0000 _
00110 * Smoking 0.1147 0.3311 0.3466 0.7259
Frequencies — Haplotype thresholds
00100 0.0103 0.0018 5.6397 0.0000 Frequency: [0.001 [subcohart ]
ooiio 0.0650 0.0055 11,7145 0.0000 Effects: ID.DI ISubcohort j
noi11 0.1605 0.0067 24,0154 0,0000
01100 0.1629 0,0065 23,8153 0,0000 X )
— Enviranmental covariates
01101 0.2196 0.0076 29.0124 0.0000
01110 0.0135 0.0023 5.9551 0,0000 Main effects: ISkaing LI
01111 10,0080 0,001 4.3112 00000 Interactions: [smoking =
10010 0.0930 0.0060 15,5905 0.0000
10011 0.2673 0.0080 F3.4663 0,0000
Rho 0.0395 0.0107 3.7025 0,000z
Haplotype 00111
Effects
noi11 -0,2925 0.2165 -1.3494 01772
2moking 10,9901 0,1109 5.9312 00,0000
00111 * Smoking -0.0346 0.2455 -0.1407 0.5551
Frequencies ﬂ Calculste |
Dominant effects under Hardy-Weinberg disecmilibrium ;I
cohort dat Haplotype FPho Log-Likelihood Tterations Status
Subjects: S000 aollo 0.0335 -1209Z.7354 &0 Huccess.
e - ga7 | |ooiil 0.0%72 -12089.3089 35 Success.
G e .86 01100 0.0438 -12075.6010 70 Success.
- = 01101 0.0386 -12093.Z620 EE Success.
' 01110 0.0331 -12093.ZE44 [£:] Success.
Covariates: L 10010 0.0331 -1z092.3514 53 Success.
10011 0.0369 -12090.1906 26 Success. -
|Ready. o
Figure 2.2: Estimating dominant haplotype effects under separate models.
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To estimate joint dominant effects under Hardy-Weinberg disequilibrium, select the tab labeled Joint additive

effects and change the Assumptions settings as in the previous example. The result after clicking on

Calculate is shown in Figure 2.3.

File  Settings Help

=loi=|

cohart, dat Frequenciesl Dominant effects  Joint dominant effects |

— Convergence crikeria

- o N - .
| Estimate Standard Error | Z-Skatiskic P-¥alue = Tolerance: ID.DDUI Iterations: IEDD j
Effects
00110 0.0416 0.3189 0.1303 0.8963 — AesurEiETs
00111 -0.1435 0.2518 -0.5697 0.5689 -
Madsl: IDomlnant 'l HWE @ HwD
01100 0,7076 0.2191 3,2206 00012
01101 -0.1819 0.2356 -0.7721 0.4401
1110 -0.0329 0.6847 -0.0451 0.9616 - Haplatype thresholds
10010 -0.3702 0.3411 -1.0855 0.2777 Frequency: [0.001 [subcohart ]
smoking 09412 0.2537 37003 0.0002 Effects: ID.DI ISubcohort =]
00110 * Smoking 0,2051 0,3554 0.5708 0.5682
00111 * Smoking -0.,0557 0.2858 0,108 0.8456 _ _
X — Environmental covariates
01100 * Smoking -0.1584 0.2459 -0.6440 0.5195
01101 * Smaking 0.1273 0.2679 0.4752 0.6347 Main effects: [smoking =
01110 * Smaking 0.1695 0.7702 0,2200 0.8258 Interactions: [moking =]
10010 * Smaking 0,3460 0.3825 0,9045 0.3657
Frequencies — Haplotypes
00100 0.0104 0.0018 56242 0,0000 Reference: [10011 =
00110 0.0655 0.0057 11,5901 0.0000
o011 01666 0.0074 27,5145 0.0000 Main effects: |nt|110, 00111, 01100, 01101, 0110 |
01100 0,1474 0,0071 20,8503 0.0000 | — Interactions: |Uu110J 00111, 01100, 01101, 0117 |
01101 0.2238 0.0082 27,4306 0.0000
01110 0.0132 0.0024 5.4504 0.0000
01111 0.0082 0,0019 4,3233 0.0000 | Calculate |
o1ioo 0.0438 -1z075.6010 7o Success. ;I
cohort dat 01101 0.0386 -12093.2620 55 Zuccess.
Subjects: s000 al11a 0.03%1 -120%33_2544 5& Buccess.
Events: ga7 | |10010 0.0391 -12092.9514 53 Success.
Censoring rate: 0.86 10011 0.026% -1Z0%0.190& 26 Success.
SNPS:_ S Joint dominant effects under Hardy-TWeinberg disecquilibrium
Covariates: L Bho Log-Likelihood Iterations Status
0.0413% -12073.0317 7 Success. -
|Ready. o
Figure 2.3: Estimating dominant haplotype effects under the joint model.
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To estimate joint codominant effects under Hardy-Weinberg disequilibrium, select the Codominant model in

the Assumptions settings. Note in Figure 2.4 that the iteration fails using the default settings.

File Settings Help

=l0ix|

cohort. dat | Frequencies I Dominant effects  Joint codaminant effects I ~ Convergence criteria
| Estimate Standard Errar | Z-Skatiskic P-Yalus = T ID.DDUI TR ISDD j
Effects
00110 0.0703 — Assumptions
1.0554
o1l 00664 Model: ICodomlnant ‘l HWE € HwD &
0.0094
01100 0.5823 — Haplotype threshalds
0.2053
o0t 0.0540 Frequency: IU.DDI ISubcohort j
-0.4503 Effects: IU.DI ISubcohort j
o1l 0.1941
-111.1108 . .
10010 01557 — Environmental covariates
0.0116 Main effects: |Smoking ;I
Smioking 1.0092
Interactions: [Smokin -
00110 °* Smoking 0.2759 I e _I
-1.4407 s
00111 * Smoking -0.2002 — Haplotypes
0.8248
Reference: IlDDll ﬂ
01100 * Smoking -0.0613
-0.4595 Main effects: |DD110, 00111, 01100, 01101, 0117+ |
01101 * Smoking -0.0142 L !
et Interactions: [00110, 00111, 01100, 01101, 011 x|
01110 Smoking 0.0194
30,1605
Calculate |
10010 * Smaking 0.2007 d|
10011 0.0269 =-1Z030.1390& Z& 5 - -
cohort.dat ummRss —I
Subjects: sS000 Joint dominant effects under Hardy-Weinberg disecuilibrium
Events: 687 Bho Log-Likelihood Tterations Status
Censoring rate: 0.56 0.041% -12073.0317 7 Success.
SNPS:_ e Joint codominant seffects under Hardy-Weinkerg disequilibrium
Covariates: L Bhao Log-Likelihood TIterations Status
00373 -1z087.87E3 11z Iteration aborted (floating-point owverflow). -
Feady. i
Figure 2.4: Estimating codominant haplotype effects under the joint model using default settings.

Selecting the haplotype 01110 as reference gives the results in Figure 2.5. Figure 2.6 shows the result after
instead changing the Effects threshold to 0.02.

The results for the cohort data using the options shown in Figures 2.1—2.3, 2.5 and 2.6 are given in

cohort.out.
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File  Seftings Help

cohart, dat Frequen-:ies' Dominant effecks  Joint codominant effects I _ e e aiiE
| Estimate Standard Error | Z-Skatiskic P-Yalue 1= TellarereE, ID.DDDI Ikarations: ISDD j
Effects
oo 02199 0.4646 04733 06360 — AR
1.0348 1.083% 00,9551 0,3395
o111 -0.3510 0.4296 08171 0.4139 Model; [Codarinan: =] e € Hwo &
0.0149 0.7353 0.0203 0.9535
01100 0.2952 00,3934 0.7532 0.4483 — Haplotype thresholds
0.2069 0.5322 0,3535 0.6974
o110 -0.2347 0.4078 -0.5756 0.5649 Frequency: |0.001 |subcokort 7]
-0.4356 0.6358 -0.6895 0.450% Effects: ID.DI ISubcohort ﬂ
10010 -0.4358 0.5033 -0.6718 0.3533
0.0063 1,2200 0.0051 0,9959 _ .
10011 -0,2860 0.3708 -0.7768 0.4373 [ EnEREnESICORSH
-0.0593 0.5268 -0.1704 0.8647 Main effects: [5moking =]
Smokin 0.16350 0.5010 0.2035 0.5355 "
2 . Interactions: ISmoklng LI
00110 * Smoking 0.7454 0.5463 1.3646 0.1724
-1.5127 1.2881 -1.1744 0.2403 7
00111 * Smoking 0.1926 0.5085 0.35802 0.7035 i~ Haplotypes
0.5851 0.5251 1.0725 0.2533
Reference: |E|111l3 j
01100 * Smoking 0.3854 0.4750 0.58115 0.4171
-0,4993 06239 -0.7947 0.4268 Main effects: IUUllUJ o111, 01100, 01101, IUDZ;I
01101 * Smoking 0.3732 00,4319 0.7745 00,4386 P v
04003 07164 0.55a5 05765 Interactions: IUElllUJ o111, 01100, 01101, IUD._I
10010 * Smoking 0.5312 0.5772 0.9203 0.3574
0.0915 1,3608 0.0674 0,9462
Calculate |
10011 * Smaking 0.5383 00,4525 1,1895 00,2341 j
0.041% -12073.0317 7 a - -
cohart,dat ummEss —I
Subjects: 5000 Joint codominant seffects under Hardy-Weinkerg disequilibrium
Events: 657 Bhao Log-Likelihood TIterations Status
Censating rate: 0.86 0.0373 -1Z087_87E3 112 Iteration aborted (floating-point owverflow).
SNPS:. 5 Joint codominant effects under Hardy-Weinberg disecuilibrium
Covariates: 1 Bho Log-Likelihood Tterations Status
0.0z -1E087.2277 10z Success. -
|F|eady. i

Figure 2.5: Re-estimating codominant haplotype effects under the joint model after changing the reference
haplotype.
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File  Seftings Help

=0l

cohart, dat Frequen-:ies' Dominant effecks  Joint codominant effects I _ e e aiiE
| Estimate Standard Error | Z-Skatiskic P-Yalue 1= TellarereE, ID.DDDI Ikerations: | 500 j
Effects
oo 0.0631 0.3507 0.17a9 0.8572 — AR
1.0425 1.0652 0.9787 0,3277
o111 -0.0743 0.2782 -0.2670 0.7895 Model; [Codarinan: =] e € Hwo &
0.0096 0.7303 0.0132 0,9595
01100 0.5835 0.2467 2.3655 0.0180 — Haplotype threshalds
0.15589 0,5286 0.3575 0,7208
o110 0.0372 0.2729 0.1361 0.8917 Frequency: |0.001 |subcokort 7]
-0.4318 0.6246 -0.6913 0.4893 Effects: ID.D2 ISubcohort ﬂ
10010 -0.1733 0.3713 -0.4665 0.6407
0.0264 1,2003 0.0220 0,9524 _ .
Smioking 1.0054 0.2769 36304 0.0003 [ EnEREnESICORSH
00110 * Smoking 0.2881 0.3935 0.7322 0.4640 Main effects: ISmoking LI
-1.4657 1,2772 -1.1493 0.2502 -
. Interactions: ISmoklng LI
00111 * Smoking -0.2028 0.3175 -0.6387 0.5230
0.5345 0.5192 1.0186 00,3084
01100 * Smoking -0.0646 0.2754 -0.2321 0.8165 i~ Haplotypes
-0.4457 0.6279 -0.7146 0.4749
Reference: IlDDll j
01101 * Smoking -0.0052 0,3093 -0.0167 0.9867
03114 0,7025 0.4432 0.e576 Main effects: IUUllUJ o111, 01100, 01101, IDDZ;I
10010 * Smaking 00,2038 0.4169 0.4887 0.6250 P v
00909 15543 00661 0.0457 Interactions: IUUllUJ o111, 01100, 01101, IDD._I
Frequencies
o100 0.0104 0,0018 5.8223 0,0000 - Calculate |
0.037% -12067_8723 112 Iteration aborted (floating-point owverflow). ;I
cohart,dat
Subjects: 5000 Joint codominant seffects under Hardy-Weinkerg disequilibrium
Events: 657 Bhao Log-Likelihood TIterations Status
Eemsag e 0.6 0.0385 -12067.3277 10% Success.
SNPS:. 5 Joint codominant effects under Hardy-Weinberg disecuilibrium
Covariates: 1 Bho Log-Likelihood Tterations Status
0.0372 -1E082.4594 a7 Success. -
|F|eady. i
Figure 2.6: Re-estimating codominant haplotype effects under the joint model after changing the effects threshold.
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Cross-sectional data

The file cross-sectional.dat, shown below, contains simulated data from a cross-sectional study of 5000

individuals genotyped at six SNPs. Approximately 5% of SNP values are missing.

Trait Age Gender
1.56 22 1
3.61 45 1
3.87 54 1
3.48 47 1
6.40 56 1
3.96 49 1
2.72 28 1
4.21 60 0
2.32 39 0

cross-sectional.dat:

Exposure SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 4
-1.1755
0.4119

-0.0814
-0.1864

0.5747
0.1212
0.6458
1.3567
-0.9863

Example cross-sectional data file for HAPSTAT input.

OFRFPONEFEFNEN
NFPFOFRONNEN

NFEFNN PR EFPO

OONFRPOOOFrO

NNOFRNPFPOOO
NFEFNNONEFEDNN

[

The column titled “Trait” contains disease-related trait data. The columns “Age”, “Gender” and “Exposure”

contain environmental covariate data and the columns SNP1-SNP6 represent the six SNP sites. Missing SNP

values are denoted by ' *'.

Select the tab labeled Additive effects. In the right panel, select HWD, change the Effects threshold to 0.05

and deselect haplotypexage interactions. Click on Calculate to obtain the display in Figure 3.1.

File  Seftings Help

=0l

cross-sectional, dat | Frequencies Additive effects |J0int additive effects I

— Convergence crikeria

| Estimate | Standard Error | Z-Skatiskic P-Yalue 1= TellarereE, ID.DDDI Ikarations: ISDD j
Haplotype 001101
Effects — Assumptions
noiiol -0,1474 0.0194 -F.6134 00,0000
Model: Indditive vl HWE £ HWD %
Age 0.0467 0.0008 59,4351 0.0000
Gender 0.4717 0.0243 19,4097 0,0000
Expasure 0,509 0.0123 44,7531 0,0000 [ il i e
001101 * Gender -0.2777 0.0276 -10.0845 0.0000 Frequency: ID.DDI
* o -
001101 * Exposure 00209 0.0141 1.4833 0.1330 Effects: ID.DS
Intercept 1.4295 0,0374 35,2251 0,0000
Efror wariance 0,3927 0.0050 49,3193 0.0000
N — Environmental covariates
Frequencies
nooonon 0.0301 0.0018 16,5835 0,0000 IMain effects: IAQE; Gender, Exposure LI
000010 0.0426 0.0024 17.8785 0.0000 Interactions: [ender, Exposure =]
oo1iol 0,299 0.0049 61,3996 0.0000
aiioo0 0,0069 0.0010 6,9620 0,0000
niioil 00645 0,0027 24,3504 00,0000
oi1io0 0.0014 0.0004 3.6137 0.00035
100010 0.2445 0,0046 53.5421 0,0000
101101 00914 0,0032 28,3294 00,0000
110001 0.1459 0.0037 40,6550 0.0000
111000 0.0442 0.0022 20,3749 0,0000
111011 0,0257 0.0018 14,1427 00,0000
Rho 0.0501 0.0064 T.7G24 0.0000 J Calculate
- 4|
Additive effects under Hardy-Weinberyg disecuilibrium ;I
cross-seckional dat Haplotype Pho Log-Likelihood Iterations Status
) oollol 0.0E0l  -Z0290.0298 17 Zuccess.
Subjects: 4956/5000 | |1 011 0.0500 -Z0450. 1594 12 Sucoass.
ShPs: & | lioooio 0.0500 -18607.6E51 12 Sucoass.
Cowariates: 3 101101 0.0500 -Z0501.Z376 18 Success.
110001 0.0500 -Z0479. 4676 1g Zuccess.
-
|F|eady. i
Figure 3.1: Estimating additive haplotype effects under separate models and Hardy-Weinberg disequilibrium.
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Select the tab labeled Joint additive effects and change the settings as in the previous example; see

Figure 3.2. The HAPSTAT display after changing the reference haplotype to 110001 is shown in Figure 3.3.

Results are provided in the file cross-sectional.out.

Help

File  Settings

=loi=|

cross-sectional, dat | Frequencies I Additive effecks  Joint additive effects |

— Convergence crikeria

| Estimate Standard Errar Z-Skatistic P-¥alue = Tellereres IW Tk, Wj
Effects
011011 -0.0115 0.0279 -0.4112 0.6809 — Assumptions
100010 0.3720 0.0158 23.4873 0.0000 ol Im HWE & HWD &
101101 -0.0243 0.0236 -1.0331 0.3015
110001 -0.0166 0.0186 -0.8930 0.3715
Age 0.0465 0.0006 53.9516 0.0000 - Haplatype thresholds
Gender -0.0454 0.0238 -1.9099 0.0561 Frequency: IU-DUI
Exposure 0.5132 0.0122 42,1943 0.0000 Effects: |D'°5
011011 * Gender 0.0061 0.0385 0.1580 0.8744
011011 * Exposure -0.0393 0.0192 -2.0423 0.0411 _ _
— Enviranmental covariates
100010 * Gender 0.6753 0.0221 30,5653 0.0000
100010 * Exposure 0.0602 0.0114 6.0736 0.0000 Main effects: [Age, Gender, Exposure =
101101 * Gender 0.0313 0.0333 0.9404 0.3470 T |Gender, Exposure =l
101101 * Exposure -0.0182 0.0166 -1.1004 0.2711
110001 * Gender 0.0419 0.0253 1.6145 0.1064 ~ Haplotypes
110001 * Exposure -0.0149 0.0131 -1.1392 0.2546
Irkercept 1.1630 0.0295 39,0361 0.0000 — Reference: [001101 [
Error wariance 0.1935 0.0043 44,6752 0,0000 IMain effects: IDIIDII, 100010, 101101, 110001 LI
Frequencies Interactions: |U11011, 100010, 101101, 110001 = |
000000 0.0301 0.0018 16,8976 0.0000
000010 0.0407 0.0022 18,3846 0.0000
oo1101 0,2997 0.0049 61,6521 0.0000
011000 0.007% 0.0010 7.4423 0.0000 o Calculste |
100010 0.0500 -18607.6551 18 Success. =]
cross-sectional dat lol1ol 0.0500 -Z0501.Z2376 18 Success.
subjects: 49555000 110001 0.0500 -20473.4676 18 Zuccess.
ShPs: & Joint additiwve effects under Hardy-TWeinberg disecquilibrium
Covariates: 3 Dho Log-Likelihood Iterations Status j
o.0500 -18&03.3360 15 Success.
-
|Ready. o
Figure 3.2: Estimating additive haplotype effects under the joint model using the most frequent haplotype as

HAPSTAT 1.0
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File  Seftings Help
cross-sectional, dat | Frequencies I Additive effecks  Joint additive effects | _ e e aiiE
| Estimate Standard Error | Z-Skatiskic P-Yalue 1= TellarereE, ID.DDDI Ikarations: ISDD j
Effects
ao1101 -0.0116 0.0162 -0.7140 0.4752 — Assumptions
011011 -0.0116 0.0284 -0.4091 0.6825
Model: Indditive vl HWE ' HWD
100010 0.3702 0.0174 21,3337 0.0000
101101 -0.0244 0.0240 -1.0192 0.3081
Age 0.0463 0.0006 53.9306 0.0000 7 (el sl
Gender -0.0170 0.0300 -0.5685 0.5697 Frequency: |D.DDl
Exposure 0.4997 0.0153 32,6833 0.0000 Effacts: |0.05
001101 * Gendsr -0.0061 0.0228 -0.2686 0.7883
001101 * Exposure 0.0057 0.0116 0.4900 0.6242 : .
— Environmental covariates
011011 * Gender -0.0099 0.0395 -0.2497 0.8029
011011 * Exposure -0.0316 0,0196 -1,6061 0.1083 Main effects: [Age, Gender, Exposure =
100010 * Gender 0.6618 0.0242 27,3667 0.0000 it |Gender, Exposure Ll
100010 * Exposure 0,075 0.0124 £.1394 0.0000
*
101101 * Gender 0.0155 0.0340 0.4557 0.6486 S —
101101 * Exposure -0.0114 0.0170 -0.6706 0,5025
Intercept 1.1655 00521 56,2684 0.0000 —| | | Reference: 110001 [~
Error variance 0.1937 0.0043 44,8755 0.0000 Main effects: |001101, 011011, 100010, 101101 ;|
Frequencies Interactions: |001101, 011011, 100010, 101101 ;|
000000 0.0301 0.0015 16,3979 0.0000
000010 0.0407 0.0022 18,3881 0.0000
001101 0,2997 0,004 61,6536 0.0000
011000 0.0075 0.0010 7.4251 0.0000 Calculate
- - - 0000 | Lcda |
Joint additive effects under Hardy-Weinberyg disequilibrium ;I
cross-seckional dat Phao Log-Likelihood Iterations Status
O.0f00 -12803.3360 18 53 -
Subjects: 49565000 umasss
ShiPs: & Joint additive effects under Hardy-TWeinberg disecquilibrium
Covariates: 3 Fho Log-Likelihood Iterations Status
0.0500 -18604.3836 18 Success. j
-
|F|eady. i
Figure 3.3: Estimating additive haplotype effects under the joint model using haplotype 110001 as reference.
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