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MrBayes

• Given the DNAsequences of several 

organisms, MrBayes can be used to infer their 

phylogenetic ‘tree of life’.

.More than 50% researchers use MrBayes to 

perform phylogenetic inference.
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MrBayes



Metropolis coupled Markov chain 

Monte Carlo (MC3)

1. Initialization several Markov chains 

randomly

2. In each chain, ：

① Build a new tree via random  perturb

② Compute the accept probability

③ Accept/Reject the new tree

3. Swap the data among chains at random



Some concepts

• Q: instantaneous rate matrix

• transition probability matrix
QtetP



Global likelihood



Challenge 

• As a result of   DNA sequencing technology 

development, all kinds of DNA data increases 

quickly

• MrBayes can’t satisfy the requirements from 

more and lager DNA data

• For example, dealing with a DNA data set of 

234 taxa, each having 1790 characters, 

MrBayes spends more than 10 days in running 

15000000 generations.
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Parallel algorithms on CPU

• pMC3     Altekar et al. (2004),

– Assign Markov chains to all CPU cores as even 

as possible

• hMC3 Feng et al. ( 2006), Zhou et al. (2010),

– Based on pMC3,， a Markov chain also can be 

divided into several parts,  it make the jobs 

afforded by CPU cores are  more even.



Parallel algorithms on GPU

• gMC3   Pratas et al., 2009

– Every Markov Chain is distributed to one or more 

GPU thread to use the power of GPU

• Contribution：MrBayes can benefit from GPU

• Problem： poor performance
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CPU/GPU cooperate parallism 

• GPU and CPU co-processing multigrain parallel 

algorithm.



Our algorithm: nMC3
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Speedup



Scalability



Results on Tianhe 1-A
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Conclusion

• Give an efficient GPU-based MrBayes 

program

• It has good speedup

• It can decrease experimental time

• It can calculate larger dataset

• In the future ,run some large dataset on Tianhe,
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• Thanks for your attention!

• Questions?

This work has been published on 

bioinformatics, May,2011
Jianfu Zhou, Xiaoguang Liu*, Douglas S. Stones, Qiang Xie and Gang 

Wang, MrBayes on a Graphics Processing Unit, Bioinformatics, 

Vol.27(9): pp. 1255-1261

Source Code:http://mrbayes-gpu.sourceforge.net


