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11. Summary of the new findings of the thesis:  

i. This thesis proposes a heuristic-based algorithm, called ARG4WG, to build 

plausible ARG from large whole-genome data sets by using the longest shared end 

for recombination inference. We implemented and published the source code of 

ARG4WG at https://github.com/thaontp711/arg4wg. The proposed algorithm has 

the following notable advantages: (1) ARG4WG is the only algorithm currently 

able to build a full ARG for thousands of human genomes; (2) ARG4WG is 

hundreds to thousands times faster than Margarita, one of the most efficient ARG 

inference methods; (3) The experimental results in applying ARG4WG to an 

association study between the HBB gene and severe malaria in the Gambia dataset 

show the ability of the proposed algorithm in dissecting association signals for 

whole-genome association study from large data sets.  

ii. We proposed two additional improvements to ARG4WG algorithm to minimize 

the ARG: (1) The REARG algorithm combines the longest shared end strategy 

with different criteria, i.e., the maximum similarity between sequences and the 

length of the sequence; (2) The GAMARG algorithm combines 4-gamete test with 

the longest shared end strategy in recombination step to reduce the number of 

recombination events in the ARG building process. Experiments on both 

simulated and real datasets show that REARG could find out ARGs with smaller 



number of recombination events than ARG4WG for medium and large datasets. 

The GAMARG is more general and help find ARGs closer to the optimal 

solutions. 

12. Practical applicability: The proposed methods and software serve as new approaches 

and tools to help scientists (both theoretical and experimental researchers) analyze and 

apply ARG efficiently to many practical problems such as association mapping, 

imputing/phasing/calling SNPs from genome-wide data. 

13. Further research directions: 

i. Combining combinatorial optimization techniques with GAMARG to build 

minimal ARGs.  

ii. Developing new applications of ARG4WG and GAMARG for imputing SNPs 

from genome-wide data.  
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