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アフリカをでて世界中への拡散の旅を始めた現世人類の様々な遺跡から出土する遺物に、５万

年くらい前から、文化的に大きな変化が見られるようになる。例えば、貝殻を使った装飾品や、ある

いは洞窟の壁に動物の絵を描くといったことである。このような文化的な活動は、ヒトの進化の過程

で、精神活動に大きな変化が現れたことを示唆する。このような変化は遺伝的な変化をともなって

いるのだろうか？私たちは、精神活動に関連する遺伝子の進化に興味を持って研究を進めた。ま

ず、精神疾患関連遺伝子に着目し、その進化学的特徴を調べることを試みた。精神疾患関連遺伝

子 282 個が、2004 年に Inloow と Restifo によりリストされた。これに基づき、これらの遺伝子の塩基

配列をヒトとチンパンジーで比較してヒト特異的な自然選択のパターンが見られるかどうかを検討し

た。しかし全ての遺伝子に関して現在のところ種間の比較では特に顕著な変化は検出できていな

い。一方、これらの遺伝子群のなかのいくつかの遺伝子についてヒト集団での遺伝的多型を調べ

た。これには単一塩基多型(SNP)のデータベースの情報を利用した。その結果スフィンゴリピドと呼

ばれる脂質の代謝に関する酵素の遺伝子にヒト特異的なアミノ酸変異を持つ系統があること、そし

て現世人類がアフリカをでて世界中に拡散した時に、この変異を持つ系統が、変異を持たない系

統よりも早いスピードで、人類集団に拡散していったこと示唆する結果が得らえた。この酵素はセラ

ミドの濃度を介して、神経細胞の成長や死と関連する可能性も示唆されているので、この酵素の遺

伝子の変異と、酵素活性の関連を明らかにすることが今後の課題である。研究成果の一部は昨年

の進化学会でのワークショップ、分子生物学会のシンポジウム等で発表した。また Genetics 誌

[Genetics 178：1505−1515、2008] に掲載された。 このほかに、ヒト特異的な偽遺伝子を調べたな

かで、神経伝達物質の受容体の遺伝子が含まれていることが明らかになった。 
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Evolution as Stochastic Process
H. Sugawara, Feb. 13, 2007, Hayama

1.   Introduction to Markovian Process
2.   Application of Markovian Process to Evolution 

– Population Genetics –
3.   New Approach to Evolution Process
4.   Somatic Cell Division
5.   Concluding Remarks

1.  Introduction to Markovian Process
Assume some quantity (think of proportion of 

certain alleles) change as a function of time:

We consider a situation in which we can calculate 
only the probability such as:

For

(t)AA(t)   1,(t)A(t)A 121 ≡=+

 ,ttt n21 <<< 

nnnn
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∆AA)A(tA ,                                          
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Define 

Markovian Process

can be determined by      and             .
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Examples

Substituting this to the trivial equation:

We get

ChapmanKolmogorov
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We may put

Then, it is easy to show

master equation

)AA(tW)AA(F)ttAtA(T 21121211 →+−=+ δ ,  ,
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Langevin  vs. Fokker Plank

We start from the Master equation:

can be shown to have the form:

∑

∫ ∫
∞

= ∂
∂−

≡

→+→−=
∂

∂

1n
n

n
n

)}A(T )A(C{)
A

(
!n
)1(                                                 

)a(T )Aa(daW)A(T )aA(daW
t

)A(T

)A(Cn

A)t(A
n

0t

n

0tn

))t( A)tt( A(
t

1lim          

)tt ,rA  t ,A(Tdrr
t

1lim)A(C

=→

→

−+=

++= ∫











－	70	－



We may put

Then, it is easy to show

master equation

)AA(tW)AA(F)ttAtA(T 21121211 →+−=+ δ ,  ,

∫ ∫ →+→−=

∂

∂

)t ,a t ,A(T )Aa(daW)t ,A t ,A(T )aA(daW  
t

)t ,A t ,A(T

1111

11

Langevin  vs. Fokker Plank

We start from the Master equation:

can be shown to have the form:

∑

∫ ∫
∞

= ∂
∂−

≡

→+→−=
∂

∂

1n
n

n
n

)}A(T )A(C{)
A

(
!n
)1(                                                 

)a(T )Aa(daW)A(T )aA(daW
t

)A(T

)A(Cn

A)t(A
n

0t

n

0tn

))t( A)tt( A(
t

1lim          

)tt ,rA  t ,A(Tdrr
t

1lim)A(C

=→

→

−+=

++= ∫











special Langevin

R :  random noise

Here

)t(R)t(A
dt
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general Langevin


Here

We get the following Fokker Planck


______________________
textbook:  「「「「非平衡系非平衡系非平衡系非平衡系のののの科学科学科学科学」」」」 ＩＩＩＩ （（（（北原和夫北原和夫北原和夫北原和夫・・・・吉川研一吉川研一吉川研一吉川研一））））
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2. Application of Markovian Process
to Equation of Population Genetics

KimuraWright’s FokkerPlanck equation
Motoo Kimura:  Stochastic Process …, Wisconsin 1955

S :  approximate selection coefficient
Compare this with the general FokkerPlanck.  

Then,

We get

{ } { }    φφφ )x1(x
xN4
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x

S
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1)x(f ++−=

Langevin

linear

but
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½ 
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•
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•
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general case

where we have Alleles in a large population     :

.
Master equation becomes
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KimuraWright case

We get

s           0      neutral case

nonlinear but solvable

)a1(a
N2
1C)a1(saC 21 −=−=    ,

)a1(a
N4

p)a1(spaH
2

−−−=

∫ ≡
−

y
)a1(a

da

2

yN4
1

y
ycos

2
s

t 







∂
∂

+
∂
∂

−=
∂
∂ φφφ  

2

yN4
1

t 







∂
∂

=
∂
∂ φφ

{ }
0

0

2
0

tt
)a21(arcsin)a21(arcsinN

φφ +
+

−−−−
=

  

Path Integral Formalism:

Operator Formalism













 −= ∫∫ ∫

=

=

τττττ d)(a)(p(H)(a)(p)a(D)p(D

)ta0a(T
t

0

'a)t(a

a)0(a

0

0

  ,         

  ,   ,

－	74	－



KimuraWright case

We get

s           0      neutral case

nonlinear but solvable

)a1(a
N2
1C)a1(saC 21 −=−=    ,

)a1(a
N4

p)a1(spaH
2

−−−=

∫ ≡
−

y
)a1(a

da

2

yN4
1

y
ycos

2
s

t 







∂
∂

+
∂
∂

−=
∂
∂ φφφ  

2

yN4
1

t 







∂
∂

=
∂
∂ φφ

{ }
0

0

2
0

tt
)a21(arcsin)a21(arcsinN

φφ +
+

−−−−
=

  

Path Integral Formalism:

Operator Formalism













 −= ∫∫ ∫

=

=

τττττ d)(a)(p(H)(a)(p)a(D)p(D

)ta0a(T
t

0

'a)t(a

a)0(a

0

0

  ,         

  ,   ,

3. New Approach to Evolution Process

A, D, G, C                a, a, a, a
for all

Book keeping           (3’ 5’)

DNA

:  species number
:  individual number
:  chromosome number
:  base number         
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◉ number of specific genotypes 
(in case of two alleles A1, A2)
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◉ evolutionary distance
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Extension of Markovian Process

ChapmanKolmogorov

:   operator form of CK
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◉ Time reversal

We know 

can be expressed as path integral.

+aa        

222111 tA)tt(Tt,A  ,  ,    

notational change

species         individual       DNA sequence
female
male

base number
+ maternal origin
 paternal origin

chromosome number

State corresponding to        individual in   species

{ } { })xx(x 21 3x  ,  ,=

{ } { } ±== s   ,s ,22 xx
{ } { }z)sy(x3  , ,=

{ }
{ } [ ] 0)t(a)xx(

xix21
3

   , += ΠΨ

{ }2x 1x
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Fundamental Process
(in case of sexually reproducing species)

Birth Operator

female representations (symmetric to male representations)

or        specifies the possible choice of haploid :
4  :  n : number of chromosome
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Question of ordering of  (x2’{s’}; x2{s*})
if
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coupling constants or vertex functions

zeroth approximation

first approximation                              (?)

d’ :  entire evolutionary distance excluding  
the sex chromosome

{ } { }{ }zsyxxx 21  , , , , , ′−′= −
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Associated Processes

 point mutation

 copying

∑
′

+
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Gene Approximation

z :  base number           locus number

na :  number of alleles
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 Interchromosomal CrossingOver

where

and
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Coincidental Evolution

d (evolutionary distance) as a function of t may not 
be a simple increasing function of t.

Ohta:  identity coefficient

t

d
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 Interchromosomal CrossingOver

where
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[ ] [ ]f11f22 zzzyi)zz(zzzyi <<+=−+<<−′  , ,

Coincidental Evolution

d (evolutionary distance) as a function of t may not 
be a simple increasing function of t.

Ohta:  identity coefficient

t

d

4. Somatic Cell Division
one generation |      } individual development 

|
|
| :
| :

It is crucially important to understand the process 
of the individual level from its birth to death.
This provides an appropriate theoretical framework 
to such fields as embryology, ontogeny, immunology, 
environmental studies, etc. etc.
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 Central Dogma

 Environmental Effect

External variable    A, A’
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5. Concluding Remarks
 It is very important to understand the behavior of the 

mating population
Human case:  collaboration of researchers of 
different disciplines

 Life form is not a complex system.
The concept of fractal or chaos could be important:
nonlinear system.

 Such technique as renormalization a quantum group will be 
important

 Necessity of combining the population and somatic 
approaches

Unification of biology and physics!
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