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Abstract

This paper compares domain combination based protein-protein interaction prediction method with domain based protein-protein
interaction method. The prediction accuracy and reliability of the methods are compared using the same prediction technique and
interaction data. According to the comparison, domain combination based prediction method has showed superior prediction
accuracy to domain based prediction method for protein pairs with fully overlapped domains with protein pairs in learning sets.
When we consider that domain combination based method has the effects of assigning a weight to each domain interaction, it
implies that we can improve the prediction accuracies of currently available domain or domain combination based protein
interaction prediction methods further by developing more advanced weight assignment techniques. Several significant facts

revealed from the comparative studies are also described in this paper.

Introduction

Since the proposal of domain based protein-protein inter-
action prediction method by (Sprinzak and Margalit, 2001),
there are many attempts to improve domain based protein-pro-
tein interaction prediction methods (Deng et al, 2002; Ng, et
al, 2003). Among them, domain combination based pro-
tein-protein interaction method by (Han et al, 2004) is quite
appealing in the sense that it achieves very impressive pre-
diction accuracy in some situations. They showed that domain
combination based approach could be superior to domain
based approach in terms of prediction accuracy. However there
is no concrete evidence that domain combination based method
generally achieves better prediction accuracy than domain
based approaches and the reason is not clearly understood yet.

This paper compares domain combination based protein-pro-
tein interaction prediction method with domain based pro-
tein-protein interaction method. The prediction accuracy and
reliability of the methods is compared using the same pre-
diction technique and interaction data. The only difference of
the methods is that domain based method treats a domain pair
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as a basic unit in protein interactions, whereas domain combi-
nation based method treats a domain combination pair as a ba-
sic unit in protein interactions. In that sense, the comparison
can be considered as impartial and thus we can conclude
which method is more competitive in achieving high prediction
accuracy from the comparison.

According to the comparison results, domain combination
based prediction method achieved superior prediction accuracy
to domain based prediction method in general. When we consid-
er that the effect of using domain combination based method is
not confined only to the prediction technique adopted in this pa-
per, the result is quite promising in using domain combination
based approaches in other computational methods. That is, do-
main based protein-protein interaction prediction techniques may
possible to improve its prediction accuracy by upgrading the
technique into domain combination based version.

Several significant issues are also discussed from the
in-depth analysis of the results. For example, the results back
up the conjecture that a domain-domain interaction may be in-
fluenced by surrounding domains, is close to the truth. The de-
scription of such several significant facts revealed from the
comparative studies is also included in this paper.

Method

In this section, we explain the difference of domain and do-
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main combination based protein-protein interaction prediction
methods by comparing the methods in terms of domain pair
and domain combination pair. Then a prediction method to be
used in the comparison study is described.

Domain Pair and Domain Combination Pair

The domain combination based protein-protein interaction
prediction method originated from the domain based pro-
tein-protein interaction method (Sprinzak and Margalit, 2001;
Deng et al, 2002; Ng et al, 2003). It tries to overcome the
drawbacks of conventional domain based approaches by in-
troducing the notion of domain combination instead. Most do-
main based protein-protein interaction prediction methods share
the conjecture that protein-protein interaction is a result of do-
main-domain interaction,
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Figure 1. Domain pair based prediction model vs. domain combination
based prediction model

Those methods infer domain-domain interacting information from
protein-protein interaction and then predict protein interactions based
on the inferred domain-domain interacting information. They usually
consider only the interactions of single domain pairs and they assume
that the interactions of single domain pairs are independent of one
another for computational convenience.

On the other hand, domain combination based approach in-
troduces the notion of domain combination and domain combi-
nations pair (dc-pair).The term domain combination represents
aset of domains. Domain combination based approach inter-
prets protein-protein interaction as a result of the interactions
of multi-domain pair or the interactions of domain groups, i.e.,
the domain combination based protein-protein interaction pre-
diction model considers dec-pair as a basic unit of protein in-
teractions

Figure 1 contrasts domain model with domain combination
model. Figure 1 (a) and (b) depict potentially interacting do-
main pairs and dc-pairs, when two proteins with 3 and 2 do-
mains interact with each other. As shown in Figure 1, domain
combination based approach considers not only single domain
interactions but also interactions of domain combinations.

Domain Based Method and Domain Combination
Based Method

For clear understanding of the differences between domain
based method and domain combination based method in the
prediction, we explain expected prediction results of the meth-
ods for an example case. Suppose that there is an ex-
perimentally proved interacting protein pair <A, B> with do-
mains Dom(A) = {a, b} and Dom(B) = {c}. Suppose further
that one tries to computationally predict interaction probability
of a protein pair <C, D> with domains Dom(C) = {a} and
Dom(D) = {c}, based on the protein interaction data <A, B>.

If no weight factor is considered, domain based prediction
method will predict that protein pair <C, D> will interaction in
50% probability because we can infer that the interaction prob-
ability of domain pair <a, ¢> is 0.5. Note that, two potentially
interacting domain pairs, <a,c> and <b,c>, can be obtained
from the experimentally proved interacting protein pair <A, B>
with domains Dom(A) = {a, b} and Dom(B) = {c}. To make
the computation simple, we have assigned the same probability
to each domain pair and assumed the interactions are in-
dependent with each other. Then we can infer that both of the
interaction probability of domain <a,c> and <b,c> are 0.5.

On the other hand, domain combination based method will
predict that protein pair <C, D> will interact in 33.3% proba-
bility because the interaction probability of domain pair
<{a},{c}> is computed to 0.333. Again note that, in domain
combination based method, three domain combination pairs,
<{a}, {c}>, <{b}, {c}> <{ab}, {c}> are obtained from the
experimentally proved interacting protein pair <A, B>. When
we apply the same assumption to the domain combination
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pairs as the domain pairs, the interaction probability of each
domain combination pair becomes approximately 0.333.

Prediction Method

For the comparative study for domain and domain combina-
tion based method, we use a prediction method developed in
the study of domain combination based protein-protein inter-
action prediction because the method is relatively well
developed. Moreover the domain based method can be easily
implemented by slightly modifying the domain combination
based method.

In domain combination based protein interaction prediction
method, the appearances of domain combination pairs of inter-
acting and non-interacting set of protein pairs are registered in
matrices. The matrix is called AP(Appearance Probability) ma-
trix in which each element of AP matrix represents a domain
combination pair. The appearing probabilities of domain com-
bination pairs in a set of protein pairs are held in the elements
of AP matrix.
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Figure 2. Schematic view of PreSPI

Then a probability equation that maps a protein pair to
areal number in the range of 0 to 1 is devised based on the
information stored in the matrices. The real number is called
PIP (Primary Interaction Probability) value in this paper. When
the equation is applied to every protein pair in interacting and
non-interacting sets of protein pairs, two distributions of PIP
values are obtained. For an unknown protein pair, its PIP val-
ue is computed and the interaction possibility of the protein
pair is predicted by deciding to which distribution the PIP val-
ue belongs using the two PIP distributions.

For the implementation of domain based prediction method,
all we need to do is preparing AP matrices which hold in-
formation on domain pair instead of domain combination pair.
The construction of such AP matrices is simple  and
straightforward. The rest of steps are the same as those of do-
main combination based method. Figure 2 shows the schematic
view on this process. The comprehensive details of the method
are described in (Han er al, 2004).

Data

Two sets of protein pairs were prepared for the comparison.
One is the interacting set of protein pairs acquired from DIP
database (http://dip.doe-mbi.ucla.edu) (Xenarios et al, 2001),
where 15,174 interacting protein pairs in Yeast organism are
obtained. Since not all the proteins in the protein pairs have
domain information, only 7,500 interacting protein pairs could
be used in the validation. The domain information for the pro-
teins is extracted from InterPro (Apweiler et al, 2001).

On the other hand, the non-interacting set of protein pairs
was artificially generated by randomly paring proteins which
are reported with domain information in Yeast organism. Note
that there is no publicly announced data on the non-interacting
set of protein pairs. Approximately 6,000 proteins are known
from Yeast. Among them 2,700 proteins revealed to have do-
main information and they can be used for the creation of
non-interacting sets of protein pairs. 127,700 protein pairs were
created by randomly pairing the 2,700 proteins. Then the
non-interacting sets of protein pairs were created by randomly
selecting required number of protein pairs from the randomly
paired protein pair set. Since interacting protein pairs could be
included in the randomly paired protein pairs, the protein pairs
detected in interacting set of protein pairs was removed when
selecting protein pairs for non-interacting sets of protein pairs.

For the test of prediction accuracy, we divided the interact-
ing and non-interacting sets of protein pairs into learning and
testing sets of protein pairs, respectively. Among the protein
pairs, 80% is used for learning sets and 20% is reserved for
tests. For the precise evaluation, we increased the number of
non-interacting set of protein pairs in the test. This is possible
because 127,700 protein pairs are prepared as non-interacting
set of protein pairs. Note that the protein pairs without over-
lapping domains in AP matrices are not included in the test.

In order to get more precise test results, we divided the test
protein pairs into three groups. The first group contains protein
pairs which have fully overlapped domain pairs or de-pairs in
AP matrices. The second group contains protein pairs with
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partially overlapped domain pairs or dc-pairs in AP matrices.
The rest protein pairs, which have no overlapped domain pairs
or dec-pairs in AP matrices, fall into the last group. The pro-
tein pairs in the last group were not included in the test, be-
cause when there is no common domain or dc pair in AP ma-
trix, the prediction is meaningless.

Besides, the protein pairs sharing paralogs or homologs with
the protein pairs in the learning set is eliminated in the test
sets. In other words, both of the proteins of a protein pair are
paralog or homolog of proteins of a protein pair in the learn-
ing set, the protein pair is not included in the test set. Such
eliminations are conducted because protein pairs sharing paral-
ogs or homologs with the protein pairs in the learning set are
always predicted correctly in both domain and domain combi-
nation based prediction methods.

Results

As shown in Figure 3, around 90% sensitivity and 80%
specificity were achieved for the fully overlapped protein pairs
at ratio 1x and 2x in domain combination based method.
Whereas, around 85% sensitivity and 70% specificity were
achieved at ratio 1x and 2x in domain based method. That is,
domain combination based method achieved superior accuracies
to domain based method in both sensitivity and specificity at
ratio 1x and 2x. In sensitivity, domain combination based
method outperforms domain based method in all ratios.
However, the obtained results are somewhat difficult to ana-
lyze for specificity. The specificity of domain combination
based method showed better results only at ratio 1x and 2x.
However, at other ratios, domain combination based method
showed worse prediction accuracies than domain based
method. When we consider that the error rate of non-interact-
ing set of protein pairs for learning increases as the ratio
grows, we can interpret the result that domain combination
based method is more sensitive to errors than domain based
method.

We obtained similar results for partially overlapped test cas-
es in sensitivity. However, the specificity of domain combina-
tion based method showed worse prediction accuracies than
domain based method. Figure 4 shows this situation. In over-
all, no conspicuous difference is observed between domain
combination based method and domain based method in terms
of prediction accuracy for partially overlapped test cases.
However prediction results of partially overlapped protein pairs
are revealed to be less reliable than those of fully overlapped
protein pairs. Such results are acceptable because partially

overlapped test cases use less information for prediction than
fully overlapped test cases.

Figure 5 shows that about 750 interacting protein pairs are
overlapped, and overlapped frequencies of non interacting pro-
tein pairs gradually increase. When we consider that over-
lapped frequencies are related with prediction accuracy, this in-
dicates that the prediction accuracies can be improved further
if more protein interaction data is available in future.
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Figure 3. Validation results of fully overlapped test pairs
{Note: single denotes domain method and de denotes domain combination
method in the graph)
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Figure 4. Validation results of partially overlapped test pairs
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Figure 5. The transition of overlapping rate depending on ratio
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Discussion

From the results of comparative study on domain and do-
main combination based prediction methods for protein-protein
interaction, we can draw the conclusion that domain combina-
tion based method outperforms domain based method in terms
of prediction accuracy and stability for fully overlapped pro-
tein pairs. However when there is no sufficient information for
prediction like the case of partially overlapped protein pairs,
no conspicuous difference is detected between domain combi-
nation based method and domain based method in terms of
prediction accuracy. Although no drastic improvement of pre-
diction accuracy is made by domain combination based meth-
od, the results indicate several significant facts.

Meanwhile, the results indicate some other significant facts
(& 2o ArAls] F4]Q). First, the conjecture that a do-
main-domain interaction is influenced by surrounding domains
may highly be true and then we need to consider the effect of
surrounding domains in the interaction of domains. Second,
from an in-depth analysis of the results, we have realized that
considering the domain combination pair has the effect of giv-
ing a weight to each domain interaction in some sense. It in-
dicates that we can improve domain or domain combination
based prediction methods further by inventing more advanced
weight assigning techniques to each domain pair or domain
combination pair. Third, when there is a situation that we need
to consider domain pair in some biological interpretations, the
above results give us a hint that domain combination pair de-
serves to be considered instead. That may provide us a clue in
making a progress in the interpretations or improving domain
related techniques.

Finally, we have reconfirmed the following two things.
First, the currently available protein interaction data on the
Internet is not sufficient for building reliable learning sets for
both prediction methods. According to our study, many pro-
teins are missing domain information and so the proteins
couldn't be used in the prediction method. Moreover, even if
the proteins have domain information, it is revealed that ap-
proximately half of the protein pairs in the test set have not
overlapping domains with the domains of proteins in the learn-
ing sets. This means that insufficient number of protein pairs
is included in the learning sets. Second, although the accurate
rate of error data in the learning sets cannot be confirmed, it
seems that error data occupies large portion of the protein in-
teraction data in the learning sets.

However above two things do not imply that the domain
and domain combination based prediction method is practically
useless. Rather, it implies that the prediction accuracy will be

gradually improved as we gather more high-quality protein in-
teraction data and acquire more domain data in future.
Moreover, biologists can extract useful information if the pre-
diction results are used prudently.

Conclusion

In this paper, we have conducted comparative study on do-
main and domain combination based protein interaction pre-
diction methods. The prediction accuracy and reliability of the
methods were compared using the same prediction technique
and interaction data. According to the validation, domain com-
bination based protein interaction prediction method produces
better prediction results than domain based protein interaction
method for protein pairs with fully overlapped domains with
protein pairs in learning sets.

Several significant facts are revealed from the comparison
results. For example, currently available protein interaction and
domain data on the Internet is not sufficient for building learn-
ing sets for domain or domain combination based protein-pro-
tein interaction prediction methods. We have realized that do-
main combination based method has valid effect in weight
assignment. This indicates that we can improve the prediction
accuracy of domain or domain combination based protein in-
teraction prediction methods further by developing proper
weight assignment techniques.

In future, we are planning to develop weight assigning tech-
niques for domain and domain combination based prediction
methods. Gathering high quality protein interaction data and
domain information are essential for the success of domain
and domain combination based protein interaction prediction
methods as well.
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