





6. Conclusions and Future Research

6.1 Conclusions

In this dissertation, we focused on developing methods to improve the accuracy of germline
mutation detection in next generation sequencing data and estimating the 7P53 mutation carrier
probability in families with Li-Fraumeni syndrome. We investigated the factors that influence the
performance of our methods and validate the methods in both simulation and real data. The

results show that the new methods improve the accuracy comparing to the existing methods.

We first introduced the method, FamSeq, using pedigree information to improve the variant
calling accuracy in Chapter 2. In simulation and real data, FamSeq reduces both false positive and
false negative rate. The improvement level depends on the read depth, pedigree structure,
pedigree size and the position the individual in the pedigree. Sometimes, sequencing the
individuals in a family with moderate read depth gives more and better results than sequencing
one individual with high read depth. It is better if we can sequence large families. When large
families are not available, the simulation and real data show that sequencing a family with 7

individuals of three generations has big improvement in variant calling accuracy.

In family-base sequencing analysis, pedigree information data is usually very complex. One
method cannot meet the requirements all the time. We implement four different methods in
FamSeq to avoid these problems. We compared the difference among these four methods in
Chapter 3. We focused on the application of GPU to improve the computing speed. When family
size is relatively large, GPU has 10-fold improvement comparing to CPU. In next generation
sequencing analysis, the computing tasks are usually homogeneous. It is very suitable for GPU

since it has much more computing cores than CPU.

In Chapter 4, we introduced another method to improve the germline mutation detection in

next generation sequencing data. The new method used the Bayesian hierarchical model to
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combine the data from multiple platforms to reduce variant calling error by using the information
from other platforms when one platform failed. In the application of the methods in the two most
popular sequencing platforms, variant calling error rate decreased about 25% percent when we
have enough training data. This method can also be applied to the sequencing data generated from
old platforms. We can use the old sequencing data with the new data to improve the variant
calling accuracy. We can also combine the old sequencing data together to get the result has
similar accuracy rate as the new data, when some individuals are sequenced multiple times by old
platforms, such as NA12878. It will save a lot time and money without sequencing these

individuals again.

We also applied the pedigree information to estimate the 7P53 mutation carrier probability.
Comparing to the existing clinical criteria, our method, LFSpro, gives an estimation of probability
instead of a binary result. With the probability, we can change the cut-off to balance the
sensitivity and specificity. The de novo mutation plays an important role in Li-Fraumeny
syndrome. We incorporated de novo mutation rate into the Mendelian risk prediction model and

estimate the de novo mutation rate in two different data sets.

6.2 Future Research

A key character in Li-Fraumeni syndrome is multiple primary cancers. In LFSpro, we only
consider the earliest primary cancer, which will lose a lot useful information. It partially
explained the reason why LFSpro does not perform better than the Chompret criteria in adult
sarcoma data set. Another reason is the penetrance used in LFSpro is estimated from the
population in the United States, while the adult sarcoma data is collected in Australia. The
penetrance might be very different between the two countries. To improve the performance of

LFSpro, we should build a new model to consider multiple primary cancers. On the other hand,
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we can collect more Li-Fraumeni syndrome family data from Australia and use these data to

estimate the penetrance specific for Australia.

We need training data with true variants to estimate the parameters to build the model
combining the data sets form multiple platforms to call the variant with next generation
sequencing data. However, we cannot get training data for most data sets. It cost a lot of money
and time to generate true variants in next generations sequencing data. In future, I will develop a

method that does not need the training data for better application on the basis of current model.

How to integrating different biology data together is a difficult and popular problem in
biology research recently. The model we build to combine sequencing data from multiple
platforms can be adapted to integrate different biology data. For example, we can predict cancer
stage from gene expression and MRI image by calculating the posterior probability of Pr(Cancer

Stage | Gene Expression, MRI image).
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