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Objective and Scope

* Recent circadian-clock studies of two different
tissues of mouse has revealed some lag
differences Iin phase expression times across
two tissue in vivo.

 Earlier work by Shyamal et al.[2] has proposed
clustering of genes based on differences of
phase expression times across two tissues.

- We have prosed bivariate statistical modeling of
phase expression times to better understand
the joint characteristics of phase expression
times of two tissues viz. heart and liver.




Data and Model Specification

 The phase angles for heart and liver tissues
expression times has been estimated from
cycling transcripts in Panda et al.[6]

Probe ID Gene Description Accession | Phase | Phase
(heart) (liver)

- Dataset consists of 48 genes and their phase
angles in two tissues. [2]

 To analyze this interesting phenomenon,
bivariate von-mises model is proposed, looking
at the circular plot of observed phase angles.




Data and Model Specification

* Probability density function of Bivariate Von-
Mises Sine model is given by :

(0,0, u,v,kl,Kk2,A12) = CerlCosl0—ul+r2Coslv—@l+A12Sin|0—p]Sin[6—v]
{-m<O0,p<m-nm<puv<mkl=0,k2=0—00 <12 < 0}

e (n,v)and (x1,x2) are the mean directions and
concentration parameters of respectively.
A12 Accounts for statistical dependence
between 6,¢$. C is normalizing constant given
by :

C =

1

472 Z 47™(k1k2) ™A12%™Bessell[m, k1]Bessell [m, k2]Binomial [2m, m]
m=0




Univariate Analysis

 Heart Phase Angles Data :

Mean Direction : -1.005 Rad, Circular Var. :0.748 Rad sq.
MLE for Von-Mises Distr. :
u. est=-1.005 (0.398), k.est=0.521 (0.215)

- The Circular plot as well as the rose diagram
suggests presence of bimodality in the data.

Circular plot of Heart phase angles Rose Diagram




Univariate Analysis

* Liver Phase Angles Data :

Mean Direction : 2.623 Rad, Circular Var. :0.860 Rad sq.
MLE for Von-Mises Distr. :
u.est=2.623 (0.725), k.est=0.282 (0.207)

- Similar to Heart phase Circular plot, bimodality is
observed at about “—Pi/3" and “2 Pi/3” Radian.

Circular plot of Liver phase angles Rose Diagram
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Estimation of Parameters

« MLE as well as Pseudo likelihood method of
estimation is employed to estimates the
parameters. Both of these methods gives similar
results.

* For the proposed BV Sine model, Mardia et al.
[2] has given the condition of Uni-modality and
Bimodality (Theorem 2 in [4]) of the proposed
joint Sine density which can be checked for the

fitted model.
condition of bimodality is : 11272 > k1* k2,




Continued...

« The estimated parameters are given in table
below :

Estimates/Method | ML Estimates | Pseudo Likelihood
Estimates

« The condition of Bimodality for the joint density
has been satisfied, therefore the fitted model is
bimodal and is appropriate for this data.




Test of Independence

To test the marginal independence of the
categories, we implement likelihood ratio test.

HO : Both the categories are independent, which
Is equivalentto testing 112 =0 ws
H1:212!'=0

* (Since under HO, the parameter space does not include the

boundary points, the usual LR test is valid.)

Value of Chi-Square Test Statistic = 17.488
P-value= 7.286 x 107°

Therefore we reject the null Hypothesis and
therefore both the categories are dependent.



Distribution of Marginal Density

* | have worked out the marginal densities and
used Watson U”*2 G-o-F test for fitted marginal

models.

Parameters /Category Heart Liver

* In spite of lack of G-o-F test for Bivariate circular
models, the G-o-F for marginal densities is
useful as these are derived from the joint

distribution.
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G-o0-F test for Marginal Density

« The Watson U”s G-o-F test implemented for
marginal densities.

HO:6 ~ f(6,u,k1,k2,112)
H1 : HO is not True.

Category

« Since P-value is quite high for both the category,
the null hypothesis is retained. Therefore we
conclude that the marginal gives an appropriate
fit to the data.
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Continued...

« Singh[3] has been worked out ( Theorem (3) of
[3]) the condition of Uni-modality and Bimodality
for the marginal densities derived from this joint
density.

« The condition of bi-modality of marginal
distributions Is also satisfied, therefore the
marginal distributions will have bimodality.
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Marginal Density Plots (Heart)

« The plot confirms the bimodality of the marginal
model, which Is expected as the observed data
exhibits bi-modality around the circular plot.

Estimated marginal Sine density for Heart Category Estimated density estimate along the Circle
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Marginal Density Plots (Liver)

The similar plot for Liver category establishes
the appropriateness of the model as observed in
the circular plot. The density is bimodal and fits
very well to the data.

Estimated marginal Sine density for Liver Category Estimated density estimate along the Circle
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Cluster 1 Analysis

- Shyamal et al.[2] has modeled the differences
between the phase angles and clustered the
genes in two categories.

 They claim that the genes in cluster 1 has
proximity in the phase angles for both the
categories.

* To test their claim, we fit the Bivariate von-Mises
density to the cluster 1 data and implement test
of hypothesis of equality of means for both the
groups.(Clusterl has 38 genes,Shyamal et al.[2]
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Continued...

* The estimated parameters for cluster 1 data are
given in below :

Parameters ML Estimates

- The condition of Bimodality for the joint density
has been satisfied. Also well the condition of
bimodality of Marginal densities. Therefore the
model for cluster 1 is similar to full model.
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Continued...

 The marginal densities are fitted and Watson
UA2 test is implemented for G-o-F.

 The P-values for Marginal of heart and liver
category are 0.744 and 0.781 respectively.

* High P-value suggests that the marginal fits are
appropriate for the both the categories.
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Test of Equality of Means

To test their claim that the difference in the
phase angles of heart and liver tissues in cluster
1 are close, we implement the following test of
hypothesis.

HO:u=v vs Hl:iu!l=v

Value of test statistic -2Ln 1=5.89

Assuming the asymptotic distribution of test
statistic is Chi-Square with 1df

P-Value=0.0163

Therefore null hypothesis of equality of mean

directions is rejected at 2% level of significance.
18



Summary

 The proposed model works very well and it's
appropriateness has been accomplished up to
certain extent by testing the G-o-F of derived
marginal distributions.

 The Marginal plots of the densities suggests
further the suitability of the model it captures the
bimodality present in the data.

« | also tried BV von-Mises model with Cosine
component as well Bivariate cardioid but the
those models were not able to capture the
peaked-ness and the variation in the data.
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Continued...

* The model for cluster 1 is very much similar to
the full model, which characterizes the
robustness of model even with a sample of size
38.

The approach of testing the marginality has not
been discussed in many instances in similar kind
of research, which could be implement to
advocate the appropriateness of the model.
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Future work...

* Address the identification of further clusters
of genes having similar expression times
within cluster 1.
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Questions and Suggestions
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Thank You!




