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Abstract ; This study demonstrated how to convert a protein sequence into a numeric datum,and
provided a descriptively probabilistic method to analyze the genotype-phenotype relationship of
single gene disorder. The amino-acid distribution probability was used to quantify human
antithrombin I mutations, then the cross-impact analysis was used to couple the quantified
mutations with their clinical outcomes, and finally the Bayesian equation was used to determine
the probability that the antithrombin I deficiency was determined under a mutation. The results
showed that a person had a chance larger than 90% of being inherited antithrombin I deficiency
when a mutation was found in the antithrombin I .
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The antithrombin T is a vitamin K-independent
inhibitor, which
binds with and blocks the biologic activity of

hepatocyte-synthesized protease

thrombin and other activated coagulation proteins
involved in the clotting cascadel'].

The building of quantitative relationship
between mutations in antithrombin H and their
clinical outcomes is intriguing, not only because 91
mutations have been documented in UniProtKB/
Swiss-Prot entry'?), but also it would provide the

basis for understanding and modeling of genotype-
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phenotype relationship. An important clinical outcome

is the inherited antithrombin K deficiency, which

[3]

was first described in a Norwegian family'*'. Since

then, many families with such deficiency have been
described, where this disorder had caused severe
venous thrombosis in successive generations, deep

{451 cerebral venous thrombosis in

X2]

venous thrombus
neonatal®’}, young®® and adult patients™?,and so on.

However,it is understandable that a mutation in
antithrombin E could either cause a deficiency or
have no clinical effects.In this context, a mutation
has a yes-no relationship with its outcome,namely ,an
event with two possibilities, so the relationship
between a single mutation with its outcome is quite
simple. However, this would not be the case when
there are many mutations involved, because each
mutation occurred at different position with different
substituted and substituting amino acids, which
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would result in a multiple yes-no relationship. Thus a
method is needed in order to treat mutations as
changed values rather than changed letters, which
represent amino acids in different positions of
antithrombin 1.

The simplest method would replace each amino
acid in human antithrombin ¥ with a value that
could be the physicochemical property of amino
acid'). However, the physicochemical properties are
not sensitive to mutations, thus our group has
methods

mechanism to transfer a protein sequence into a

developed three based on random
numeric sequence since 19990'~] Hence, each
mutation could be quantified with different value,and
we could build a quantitative relationship between the
mutations in the antithrombin T and inherited
antithrombin ¥ deficiency, which was designed as

the aim of this study.
1 Materials and methods

1.1 Data
The human antithrombin ¥ sequence with its
9] mutations was obtained from UniProtKB/Swiss-

{21, of which 82 were missense mutations

Prot entry
and 9 deletions.

1.2  Amino-acid distribution probability before
and after mutation in antithrombin I

The positions of amino acids in antithrombin ¥
could be associated with probability that was
calculated according to (r1)/(rit X rpt X «== X 7,1)
X (71)/(go! X gyt X ++= X g,1) X n7"%), where 7
was the number of amino acids, 7 was the number of
partitions, r, was the number of amino acids in then -
th partition, g, was the number of partitions with the
same number of amino acids,and | was the factorial
function.

For example, there were five histidines in human
antithrombin T ,locating at positions 33,97,152,351
and 401, respectively. Accordingly , we could imagine
into five partitions
histidines. As  the

antithrombin ¥ was composed of 464 amino acids,

dividing the antithrombin
because there were five
each partition would include about 93 amino acids
(464/5 = 92.8) . Then we counted how many
histidines in each partition (column 3, Table 1),
where one partition had two histidines, three

partitions contained one histidine, and one partition

had none,so we had r; = 1,7, = 2,7, = 0,7, = 1,75
=1,90=1,¢:=3,¢:=1,9,=0,9,=0,9:=0, and
(51)/(11 X21 X01 X1t X11)X[(51)/(11 X3}
X 11 X0! X0] X0!1)]X57°=120/(1X2X1X1X
1) X[120/(1 X6X1X1X1X1)]X1/3125=
0. 3840. This was the distribution probability for the
histidines in antithrombin E before mutation.

If a mutation occurred related to histidine, its
distribution probability would be changes. For
example, a mutation in the antithrombin ¥ at
position 425 substituted arginine for histidine leading
to the type I antithrombin T deficiency®. In the
mutant ,there were six histidines with respect to their
distributions in six partitions (column 5, Table 1),
wherer, = 1,7, = 2,r3 = 0,7y = 0,75 = 1,75 = 2,
G = 2,91 =2,q; = 2,93 = 0,9, = 0,¢; = 0,¢, = 0,
ive. (61)/(11 X2! X01 X01 X11 X21)X[(61)/
(X215 X21 X21 X0! X0! X0! X01)]X6 ¢=
0.3472. Thus, this
distribution probability of histidines to 0. 3472 from
0. 384 (the last row in Table 1).

Table 1
histidines before and after R425H mutation in human

mutation  decreased  the

Distributions and probabilities of arginines and

antithrombin I

Partition/ Before mutation After mutation
Probability Arginines Histidines Arginines Histidines
1 1 1 1 1
I 0 2 0 2
I 2 0 2 0
N 2 1 2 0
v 1 1 1 1
v 0 - 0 2
i 0 - 0
Vi 2 - 2 -
K 1 - 1 -
X 0 - 1 -
Xt 2 - 1 -
Xi 0 - 0 -
XK 1 - 1 -
XN 3 - 3 -
Xv 0 - 0 -
XV 0 - 0 -
v 2 - 2 -
XV 0 - 1 .
XK 1 - 0 -
XX 0 . 2 -
XX 3 - 2 -
XXp 2 - 0 -
XXE 0 - - -
Probability 0.0222 0. 3840 0. 0659 0. 3472
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Also, this mutation was related to arginines,
whose distribution probabilities were 0.0222 and
0. 0659 before and after mutation.

The overall effect of this mutation on the
antithrombin X was (0. 0659 —0.0222) 4 (0. 3472
—0. 384)=0. 0069, that was,the mutation increased
the distribution probability for this mutant
antithrombin ¥ . In this way,we had the amino-acid
distribution probability for each mutation and its
documented clinical outcome. Actually we have used
this method in many our previous studies related to

different subjectst1~14-17~22],

2 Results and discussion

After above computation,we had the amino-acid

distribution  probabilities of normal human
antithrombin @ and its 91 mutants, of which 85
mutations  were  documented as  inherited
antithrombin E deficiency. Thus, we could use the
cross-impact analysis to couple the mutations with
the occurrence/nonoccurrence of inherited
antithrombin H deficiency together, because the
cross-impact analysis was particularly suited for
coupling two relevant events?2~21,

Fig. 1 showed the scheme based on cross-impact
analysis for events defined above. At the level of
amino-acid distribution probability, P(2) and P(2)
were the decreased and increased probabilities induced
by mutations,and 36 and 55 mutations resulted in the
distribution probability decreased and increased,
respectively. At the level of clinical outcome: (i) P(1}
probability  ( conditional

2) was the impact

probability ) that the inherited antithrombin &
deficiency occurred under the condition of increased
distribution probability ,and 52 mutations had such an
effect. (ii) P(1|2) was the impact probability that no
disease was documented under the condition of
increased distribution probability, and 3 mutations
worked in such a manner. (iii) P(1}2) was the
impact probability that the inherited antithrombin =
deficiency occurred under the condition of decreased
distribution probability ,and 33 mutations played such
a role. (iv) P(1]2) was the impact probability that
no disease was documented under the condition of
decreased distribution probability, and 3 mutations
fell into this category. At the level of combined
events, the combined results with their frequency

could be seen.

Mutation

Distribution

probablity
(event2)
~ kA
I3E\7R %
L. —_ W oo T,
Clinical Ea 3
outcome s L 21=! %
‘B~ @ | N
(event 1) Jé = alT ?
9 ol A~ &
: 2 2T %\ %
N £3 51 T\ %
S L 8 (= X
) <3 E %
Combined e o
event

P(12)=3/91 P(12)=33/91 P(12)=3/91 P(12)=52/91
Fig. 1
clinical outcome,and their combination

Table 2 listed the calculated probabilities in the

Cross-impact relationship among mutations,

scheme in Fig.1, from which several interesting
points were found. (i) As P(2Z) was larger than
P(2), a mutation had six tenths chance of increasing
the distribution probability in mutant antithrombin
E . (i) As P(1| 2) was 17 times of P(1| 2), a
mutation that increased the distribution probability
had 0.95
antithrombin I deficiency. (iii) As P(1|2) was

chance of causing the inherited
remarkably larger than P(1|2), a mutation that
decreased the distribution probability had more than
nine tenths chance of causing the inherited
antithrombin R deficiency.

Table 2 Probability in cross-impact analysis in Fig. 1

Probability Calculation from the data in Fig. 1 Result
P(2) 36/91 0. 3956
P(2) 1 — P(2) =1—0. 3956 or 55/91 0. 6044
P(1|2) 52/55 0. 9455
PA|2) 1—P|2) = 1—0.9455=3/55 0. 0545
P1}2) 33/36 09167
P(112) 1—P(]2) =1—0.9167 or 3/36 0. 0833
P(12)  PQI2) X P(2) =52/55X55/91=52/91  0.5714
PA2) PAI2) X P(2) =3/55%55/91=3/91 0. 0330
PU12) P(1]2) X P(2) =33/36X36/91=33/91 0. 3626
P(12) P(1]2) X P(2) =3/36X36/91=3/91 0. 0330

To this point, the Bayes’ law!?®l, P(1]|2) =

PID % , could be applied to determine the
probability, P(1) that was the occurrence of
inherited antithrombin B deficiency under a

mutation. For this equation, P(2) and P(12) could
be found in cross-impact analysis, while P(2{1) was

the probability that the distribution probability
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decreased under the condition of being inherited
antithrombin I deficiency. Thus,we had P(1{2) =
33/36=0.9167 (Table 2),and P (2]1)=233/(52+
33) = 0.3882, so P(1) Palz)

P(ZII)P(Z)
0.9167 X 0. 3956
0. 3882

chance larger than 90% of being inherited
antithrombin B deficiency when a mutation was

= 0. 9342, namely,a person had a

found in human antithrombin E . At present, the
P(1) calculated by our approach was very meaningful
for clinical settings and benefit for diagnosis as well as

counseling!**+3'J,

3 Conclusions

We demonstrated how to use the amino-acid
distribution probability to convert a protein sequence
into a numeric datum and provided a descriptively
the

phenotype relationship of single gene disorder. The

probabilistic method to couple genotype-
results showed that the probability of being inherited
antithrombin [ deficiency was larger than 90%
under a antithrombin W mutation, which would

benefit the clinical diagnosis.
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