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Abstract: Hemophilia B is caused by deficit or decreased activity of factor IX. Mutation in factor IX is made up of a ma
jority of amino acid substitution. We examined the relation between activation level of factor IX and category of amino 
acid substitution with a regression analysis. As parameters, we used four physical-
chemical parameters of amino acids and Dayhoff’s PAM matrix. In addition, average of activation level with the same a
mino acid substitution was used for the analysis. And we analyzed relationship between variation contains cystein
e or factor IX’s seven regions and activity level. 
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I. Introduction 

Hemophilia is a hereditary, X-linked, recessive 
hemorrhagic disorder[1-2]. About three-fourths of 
patients with hemophilia have the A type which is due 
to deficient factor VIII activity. The B type is less 
frequent than the A type and is due to deficient factor IX 
activity. Factor IX is a vitamin K dependent plasma 
protein that participates in the middle phase of blood 
coagulation. Factor IX is made up of seven regions: 
(1)Signal peptide, (2)Propeptide, (3)Gla, (4)EGF(1st), 
(5)EGF(2nd), (6)Activation, and (7)Catalytic. Activity 
of factor IX in a patient’s blood depends on a position of 
the substitution and combination of original and 
substituting amino acids. Mutation in factor IX is made 
up of a majority of point mutation. Substitution of 
amino acid sequence is the most common form of point 
mutation. In general, substitution in important site and 
substitution to different character from original amino 
acid are supposed to drastic decrease in activity of 
factor IX. The other way, variation in unimportant place 
and substitution to similar type of amino acid are 
supposed to be lightly affected. Cysteine, one of amino 
acids, has different properties from others. Cysteine 
contains sulfur, it makes S-S binding with another 
sulfur[3]. 

There have been reported a variety of defects in the 
factor IX gene from hemophilia B patients, and these 
are summarized in the hemophilia B database[4-5]. In 
this study, we analyzed missense mutations in the 
database described with factor IX activity values. 
Among them, the cases with more than single mutations 
and female patients were excluded from analysis, 

excluding 1431 cases. We adopted 1494 cases. We have 
introduced distances between 20 amino acids by using 
the following four physical-chemical properties: 
(1)Molecular volume, (2)Hydropathy, (3)Polar 
requirement, and (4)Isoelectric point. We also adopted 
two homology matrices. These matrices are symmetric 
and composed of 20 x 20 elements, corresponding to 
amino acid pairs. (1)Dayhoff’s 120PAM matrix, and 
(2)Dayhoff’s 250PAM matrix. We performed simple 
and multiple liner regression analysis for the estimation 
of factor IX activity by using four amino acid 
parameters and obtained a distance matrix. In addition, 
we searched relationship between variation contains 
cysteine or factor IX’s seven regions and activity level. 

 

II. Methods 

Distance of amino acid. About each four amino acid 
parameters, the distance between amino acid i and j is 
defined by the next expression. 

  jiij ffD −=  

PAM matrix. PAM is permutation matrix which 
Dayhoff(1978) obtained molecular evolution-wise, and 
evolutionary measure of time that single mutation per 
100 amino acids occurs in amino acid sequence[6]. The 
PAM score is calculated as follows.  

The number of which amino acid i is substituted for 
amino acid j during 1PAM is , appearance 

probability of amino acid i is . The number of 

mutation in amino acid i is . 
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Total number of mutating amino acid is 
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And, probability that amino acid i changes to j is 
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Transition probability matrix of kPAM is kM . 
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Regression analysis. Technique to analyze the 

relations between two or more parameters. Assume 
( ) ε+= pxxxfy ,,, 21 L . 

Correlation analysis. Technique for analyzing 
related strength between some variable quantities. 
Coefficient of correlation r is used as criterion of 
strength of the relation between variable x and y. r is 
defined by the next expression. 
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Simple liner regression analysis. 

ααααα εββεη ++=+= xy 10 . 
This model is called simple liner regression model. 

Estimate value of unknown constant number 10 ,ββ  

are . We use least-square method for obtaining 
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Multiple liner regression analysis. 

αααα

αα

εββββ
εη

++++++=
+=

ppii xxx
y

LL110

0

　　

. 

This model is called multiple liner regression model. 
As in the case with simple liner regression, we find the 
solution with least-square method. 

 
 
  

III. Results 

Table 1 is the result of simple liner regression 
analysis between clotting and molecular volume. If p-
value < 0.05 is *. If p-value < 0.01 is **. 

Table 1. Correlative relationship 

 
This is significance on 1% STD. 
 
 
Table 2 is the result of simple liner regression 

analysis between clotting and hydropathy. 
Table 2. Correlative relationship 

 
This is significance on 1% STD. 
 
 
Table 3 is the result of simple liner regression 

analysis between clotting and polar requirement. 
Table 3. Correlative relationship 

 
This is significance on 1% STD. 
 
 
Table 4 is the result of simple liner regression 

analysis between clotting and isoelectric point. 
Table 4. Correlative relationship 

 
This is significance on 1% STD. 
 
Table 5 is the result of multiple liner regression 

analysis between clotting and four physical-chemical 
properties. 
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Table 5. Correlative relationship 

 
This is significance on 1% or 5% STD other than 

polar requirement. 
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Fig 1. Relations of mutation site and difference 

The x-axis is site of origin of amino acid variation. 
The y-axis is difference of measured value and 
expectancy of clotting with result of Table 5. The 
difference at end of factor IX is larger than the central 
portion. 

 
Table 6 is the result of simple liner regression 

analysis between clotting and 120PAM. 
Table 6. Correlative relationship 

 
This is significance on 1% STD. 
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Fig 2. Relations of mutation site and difference 

The x-axis is site of origin of amino acid variation. 
The y-axis is difference of measured value and 
expectancy of clotting with result of Table 6. The 
difference at end of factor IX is larger than the central 
portion. 

 
Table 7 is the result of simple liner regression 

analysis between clotting and 250PAM. 
Table 7. Correlative relationship 

 
This is significance on 1% STD. 
 
 
We divided data into variation contains cysteine and 

variation not contains cysteine. Then, we compared 
expectancy with measured value of clotting in each data. 
As a result, the ratio that clotting lowered than 
expectancy was high in variation contains cysteine. 

We divided data into boundary vicinity of factor 
IX’s seven regions and other data. Then, we compared 
expectancy with measured value of clotting in each data. 
As a result, the ratio that clotting lowered than 
expectancy was high in boundary vicinity of signal 
peptide and propeptide. 

 
 
We calculated average of clotting in each amino acid 

substitution that after variation is the same as before 
variation. Type1: we replaced calculated clotting with 
original clotting. Type2: if before and after of amino 
acid substitution are same, we made one data from those 
data. Therefore, the number of data decreased to 126. 

Table 8. Sample data 

 
In this instance, the clotting changes in 18.2 that 

data of before variation is G and after variation is S. 
 
Table 9 is the result of multiple liner regression 

analysis between average of clotting (type1) and four 
physical-chemical properties. 
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Table 9. Correlative relationship 

 
This is significance on 1% STD other than polar 

requirement. 
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Fig 3. Observed value and theoretical figure 

The x-axis is observed value that average with type1. 
The y-axis is theoretical figure of clotting with result of 
Table 9. 

 
Table 10 is the result of multiple liner regression 

analysis between average of clotting (type2) and four 
physical-chemical properties. 

Table 10. Correlative relationship 

 
Altogether and hydropathy are significance on 5% 

STD. 
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Fig 4. Observed value and theoretical figure 

The x-axis is observed value that average with type2. 
The y-axis is theoretical figure of clotting with result of 
Table 10. 

 

IV. Summary 

This analysis shows that the highest correlation with 
factor Ⅸ  activity is given by Dayhoff’s 120PAM 
matrix in the simple liner regression analysis. The 
multiple liner regression analysis, using four physical-
chemical properties of amino acids, gives higher 
correlation coefficient. We found that variation 
containing cysteine and mutation in a particular sphere 
of seven regions are more likely to have severe disease. 

The result of multiple liner regression analysis using 
average of same pair of before amino acid substitution 
and after the substitution, we got significant result and 
high correlation coefficient in the analysis with type1. 
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