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In recent years many structural alignment algorithms have been 

developed and described1. The authors of each new algorithm 

often compare their method to a selection of existing methods 

using tasks such as pairwise structural alignment on hard protein 

pairs, and protein domain classification using manually curated 

classification databases. In the past few years there have been 

some general reviews2 on structural alignment algorithms, but 

there has not been a detailed comparison since Kolodny and 

Levitt3. 

 

Here, we present a thorough comparison of 17 popular protein 

structure-based alignment methods which work reliably on the 

whole of the CATH4 database. The ability of those methods to 

retrieve homologous protein domains is evaluated using a large 

number of different queries on CATH. We compare the results 

using several statistical techniques, such as receiver-operator 

characteristic (ROC) plots and analysis of variance (ANOVA) tests. 
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The following alignment methods were compared: 3DBLAST, 

3DZERNIKE, CE, COMSUBSTRUCT, CPSARST, DALI, 

FRTMALIGN, LOVOALIGN, MAMMOTH, MATALIGN, MATT, 

SABERTOOTH, STRUCTAL, SSM, TMALIGN, TRIANGLEMATCH 

and YAKUSA. These methods were evaluated using the CATH 

database comprising over 10,000 protein domain structures 

distributed over 2,549 families. The purpose of the experiment was 

to test how well each method can retrieve similar domains to a 

given structure. A large number of queries were selected from the 

database based on a few basic criteria, which were used so that 

we can ensure that no biased and artificial enrichments are 

introduced in the results.  

 

In order to compare the ability of the aforementioned methods to 

retrieve homologous protein domains, which share the same fold 

we performed a large scale study based on the CATH database 

(v3.4). The purpose of the  experiment was to test how well a 

method given a protein domain structure can retrieve similar 

domains that have the share the same homology and have similar 

structures. A large number of queries were selected from the 

database based on few basic criteria, which are needed so that we 

can ensure that no biased and artificial enrichments are introduced 

in the results. 

 

Before we selected the queries we wanted to see how the protein 

domains were distributed to the CATH superfamilies. In CATH 

(v3.4) there are 11170 protein domains distributed over 2549 

families, with an average 4.5 members per family. More than half of 

the total number of superfamilies (1323) have only one member. 

We can't take those cases into consideration and since the 

purpose of this study is to assess how well the methods perform, 

we decided that only the families that have at least 10 members 

are to be selected. Smaller families tend to have a more coherent 

set of members which will artificial enrichments of the results, on 

the contrary we wanted to provide a non-trivial test and see how 

well the methods could cope with that. There were 217 families 

that satisfy this criteria, those families have on average 30 

members from which the representative protein of the family, as 

specified by CATH, was selected and used as the query. Figure 1, 

shows the distribution of number of members per family. 

 

 

Figure 1. The distribution of CATH superfamilies that have more than 10 members, each 

superfamily has on average 30 members. 

For each method each of the queries were run against the CATH 

database and retrieved a ranked list. Given a query the members 

of the superfamily that the query is a member of, were marked as 

positives and all the rest as negatives, using that classification we 

calculated the corresponding ROC plots. In order to summarize the 

results and the performance of each of the methods we calculated 

for each of the methods the aggregate ROC plot by combining the 

217 ROC plots per method, which are shown in Figure 2. In order 

to highlight the early recognition performance of the methods we 

are also reporting the aggregate AUC values for the top 5% and 

10% of the ranking lists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can see from Figure 2 that most methods perform very well 

with a small number being almost able to reproduce the CATH 

classification. On the other hand, three methods gave very poor 

results. 

 

Finally an ANOVA test based on the 217 individual queries, as 

seen in figure 3, was used to compare the performance of the 

methods based on statistical significance. The result of the test 

shows that the average AUC values differ significantly (p-value=2e-

16<0.05).  

Figure 2. Aggregate ROC plot summary of all methods. Left: vertically averaged ROC plots for the 

217 query structures for each of the given alignment algorithms. Right: the corresponding AUCs 

for the first 5% and 10% of the ranked database.  

The methods SSM, MATALIGN, FRTMALIGN and TMALIGN have 

the best overall performance with an average aggregate AUC of 

0.978 (p-value=0.05), followed by 3DBLAST, MAMMOTH and 

SABERTOOTH with an average aggregate AUC of 0.956 (p-

value=0.42). Finally STRUCTAL, LOVOALIGN, YAKUSA and DALI 

gave an average aggregate AUC values of 0.9 (p-value=0.57).  

 

We have seen big improvements since the early days of DALI and 

CE (1993-2000). Some of the methods developed during 2000-

2005 such as SSM, TMALIGN, and MATALIGN perform 

significantly better than DALI and CE. Several more recent 

methods such as FRTMALIGN and 3DBLAST also perform very 

well, but despite using more sophisticated algorithms, any 

improvement has been only rather modest. 

Using the above groupings we 

have plotted the individual 

AUC values per group of the 

methods in Figure 4, we can 

see from the visual inspection 

that the results of our 

statistical analysis are very 

good and the methods are 

grouped in a nice way. 

Although the best methods 

usually perform very well for 

the majority of the queries, 

some queries are difficult for 

all methods. This probably 

suggests that some CATH 

families should be reclassified. 

 

Figure 3. Box plot representing the AUC values per method for each query. The smallest, lower 

quartile, median, upper quartile and largest observed AUC values are plotted for each method.  

References 

1.http://en.wikipedia.org/wiki/Structural_alignment_software 

2. Hasegawa H., Hom L. Cur.Opi Struc.Bio;19(3),341-348(2009). 

3.Kolodny R.,Koehl P.,Levitt M.J.Mol.Biol.346,1173-1188 (2005). 

4.Cuff AL, Sillitoe I, Lewis T, Redfern OC, Garratt R, Thornton J, 

Orengo CA. Nucleic Acid Res ;37:D310–D314 (2009). 

Acknowledgements 

LM would like to thank Scottish Universities Life Sciences Alliance 

(SULSA) for assistance with travel expenses. 

Figure 4. Spider plots for all the 217 queries  

their AUC’s values drawn in a circle. Group A – 

SSM, MATALIGN, FRTMALIGN and TMALIGN, 

Group B – 3DBLAST, MAMMOTH and 

SABERTOOTH, Group C – STRUCTAL, 

LOVOALIGN, YAKUSA and DALI and Group D 

– all the rest methods. 
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