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2
surjection N—>M
M
one to
one coding , bijection 4
CTAG 4
4 00 01 10 11
4 71
n n
n!
n m
degenerate
coding 64
21 20
2 m N
N m ms<
N m m
m N
m N
m" N m
m" m N
m N m"
N m
2.1 m N
2.1.1 N m bitwise
symmetrical difference
m N P P’
P=xyxy 1 x2x,
P'=xy"xy 1" x2'xy
Ax; =l x;—x;" | P P’ i
P P’
(characteristic distance)d.
N
d.(P,P" =X Ax, (1)
i =1
m =2 d.
dy, m =2
d.

(a) d.(P,P)=0
(b) d(.(Pl,Pz)ch(Pz,Pl)

(C) dc(P17P3)$dc(Pl’P2) +dc(P27P3)

4 5 P, =30121
P, =13210 d.(P,,P,) =8
2.1.2 m N m - N 4
m-N P =xyxy -1 x2%
P (0,0, 0) d.(P)
N
=d.(0,P) Vo(P)= Dx, 4 s
i =1
V.(30121)=7 m =2
l6]
2.2 m-N
X ~X =p —x
(p=m -1)
x 0, 1, p-1,p
~x: p.op-1, 1, 0
P (~P) x
P =30121 4 5
(~P) =03212 (~0) =3 (~1) =2
(~2)=1(~3)=0
2.3 m-N
(0,0, 0) (p.ps
p)

(characteristic column)

1
m—-N
m=4p=3 N=0123 m — N
2.4 m-N
(a) m" p  (~p)
4 3 003
330 111 222 (1
(b) m-N m-N
0 p
12 p-1
(c) m—-N N
N t t
N+t N+t
(degree) 0 0 »p
N
N N

N 2N 2N



208 2002
(a) m=4,N=0 (b) m=4,N=1
. - - » .
o (1} 1 2 3
(d) m=4,N=13
30 3290
300 301 311 330
210 220 302 321
200 201 211 230 312 34t
110 120 202 221 303 3722
100 101 111 130 *212 231 313 32
000 Gre pzo 102 121 203 222 232 323 333
01 11 030 112 131 213 223 20
po2 021 103 122 132 133
ni2 031 113 123
po3 022 032 033
ol3 023
Fig.1 Examples of m — N space
4 2 0 3 1 2 m — N
00 03 30 33 0 2 2 W (m N) i:C v ( I
s = hm” - b= + !
01 02 31 32 13 3 " S
11 12 2 4 4 =(2m -1)" (2)
(d) m N l W (m,N) 1
t N -1 t
Cyv- 2 - (m-2)", 4 2 0 Table 1 Number of subspace W (m, N)in m — N space
4 1 8 2 N
4 m - N 2" 2 m 1 2 3 4 5 6
N Cy- 2V-v 4 t 1 1 1 1 1 1 1
L AN -1, _ . 2 3 9 27 81 243 729
, Cy- 2 (m -2) 3 5 25 125 625 3125 15625
m - N m" t 4 7 49 343 2401 16807 117649
N 5 9 81 729 6561 59049 531441
m" =24 (m =2)IN=>)Ch- 2"+ (m =2)" 6 11 121 1331 14641 161051 1771561
t =0
3 2 N m =2 w(2,N)=3" 2 N
m—- N
(e) m-N W (m, N 01 p A Az, A,
N) /\,‘ Xi -1 Xi 4 3
m - N rn“‘V A:; 2 /11 2
m—- N 4 220 221 320 321
Cy m" " p (p =m -1) 2.5 m"
m—-N ¢ m N m" N(m -1)
Cyh- m" =" p' +1=Np +1
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mT l\ (l ) m — N 2.5.1
2 m-N
Table 2 The characteristic terms of m — N space
(a) m=1,N =0—>6 (b) m =2,N =0—>6 (¢) m=3, N=0—>6
1 1 1
1 1,1 1, 1.1
1 1, 2,1 L, 2, 3,2, 1
1 1, 3, 3,1 1, 3, 6, 7, 6, 3, 1
1 1, 4, 6, 4, 1 1, 4,10, 16, 19,16, 10, 4, 1
1 1, 5,10,10,5, 1 1, 5, 15,30, 45,51,45, 30,15, 5,1
1 1, 6,15,20,15.6, 1 1,6,21,50,90,121,141,121,90,50,21,6,1
(d) m =4, N =0—6
1
L1, 1, 1
I, 2, 3, 4, 3, 2, 1
1, 3, 6, 10, 12, 12, 10, 6, 3, 1
1, 4, 10, 20, 31, 40, 44, 40, 31, 20, 10, 4, 1
1, 5, 15, 35, 65, 101, 135, 155, 155, 135, 101, 65, 35, 15, 5, 1
1, 6,21, 56, 120, 216, 336, 456, 546, 580, 546, 456, 336, 216, 120, 56, 21, 6, 1
(e) m=5, N=0->4
1
L1 1, 1, 1
1, 2, 3, 4, 5, 4, 3, 2, 1
1, 3, 6, 10, 15, 18, 19, 18, 15, 10, 6, 3, 1
1, 4, 10, 20, 35, 52, 68, 80, 85, 80, 68, 52, 35, 20, 10, 4, 1
(f) m =6, N=0—>3
1
1, 1, 1, 1, 1, 1
1, 2, 3, 4, 5, 6, 5, 4, 3, 2, 1
1, 3, 6, 10, 15, 21, 25, 27, 27, 25, 21, 15, 10, 6, 3, 1
m =2 81
k \ 1050 “
(a) >, wTV=m" k=N(m -1)=Np, p = "
i =0
m -1, E+1 E+1 (Pascal) 1650 600
m" m
(b) #TY¥=,T Y., (extended Jia — Xian triangle)
m -1
N Al N
2.5.3 mT /\= mT?—_jl
(¢) k =0
(k/2) +1 k N =1 m'=1+1+ +1=m
(k+1)/2 (k+3)/2
N =2 m*=142+ +m+ +2+1=
(d) mT‘g:mT 2’:15 mT“}s:mT E—IZN (Z(m(m_l)/2)+m:m2 mN_l
X m -1 Y
() TV DT m=2 :
o ! p=m-1Np=k (N-1)p =k
Civ=Ch_, +Ci}, m " =m" 'xm=m""x(1+1+ +1)
(f) m LNZO 1 <0 1>k = (mT%]_l'f'st}j_l‘F +mT1:y_l+ +:nTZ\‘i"_711 +

2.5.2 DT x(T+1+ +1), m 1
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Dy
/nTb +mT1}T +1nT§V—1+ +m’-[‘il“cv'_l DM: 2’,!’:2
ST+ T 4, T+, T SR
DM
+aT 15+ +uT 7!
DTZD\"' DW =4x2=8
T0+T’1\+ +Tz\+ +T£ [(A B C)l,(D)][ D)la(AgB’C)2]9
- [(A,B,D);;(C)l; [(C),(A,B,D)z];
. [(A,C,D);(B)l hi:(A, €, D)l
TH o TH-1o1 [(B,C, D)l,(A)] [(A)l,(B,C,D)z]
ST = T, T = (N = 1) 412N, (b) 2 2
41
mTzwszT:\—_] D\_2'21:6
j=0 21
mT/’c\zT?”_lzl D‘[:7:17
m -1 DT:D“\?' DM =6x1=6
mT j'\ = Z mT {\—31 (3)
o [(A,B);(C,D)I1;1(C,D);(A, B)l;
[(A7C)I;(ByD)Z];[(B,D)I;(AaC)Z];
254 [(B,C)i;(A,D)];[(A,D);(B, C)]
» , , (e) 4
m" = 20T (Xo+ X+ +X,)Y =T 8 af +
i =0
DTV 23 x i+ +.TVXY ()] + Dwzjizl
T 2% a0+ T x) (4) i
/ 2!
[XY(i)] [} X0 Dn::]!]!:Z
X1 % m - N Dy =1x2=2
3 [(A7B7C7D)];()2] [()1;(A,B,C,D)2]
3.1 (d) 8+6+2=16=2
N N 3.3
N N (a) N m
NW ] N>m 1 d] 2
N dz m dm
N- 1 N 7 d +d2+ +d,,, =N d],dz, d,,,
N cy
d d,
3.2 w2_</, m C"::l
N m
Al ) dy N !
4 (A,B.C,D) 2 (1, Du=Co Gy Co=T0da ! o ()
3 m !
!
(a) 3 AT )
1 3 2 1 Dy
N |
D U S S '
N Debw Du=grgm a0 ™ (7)
Dy =C} C{_3!1',:4 D,
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(b) N m
Tr d] dl
m d> ms 1.13 x 10% Crick
d, m, romy +
ma+ +m.=m, midi+mi.d,+ +m,d. =N
di.dy, d,
N ! 16
Dy = T s 4 (IMR W)
!
N !
Dr= D D =2 e @y
m !mnzl!! m, ! (10)
246
4 13 2
4.1 Ga 4
64 ( ) 21
(20 X) 64 3
21 Cy =21% = D GA(C
4.1883 x 10* Bertman 10" - 10* T) GAY (Y ) E
Cu GA(A G) GAR R
64 32 (codon
4.2 G pairs) 32 21
2
M W) 2 9 (HQ FYC 32 21
NKDE) 3 2 (1 x) 4 Cu ' =212 =2.0465 x 10
5 PTVAG) 6 21%(4.1883 x 10*) 32
3 (L SR)
o 64! oo G’
(1121 P31 )2@! F(6! ) 219121513] . -
=2.3040 x 10° x 4.8886 x 10" = 1.1263 x 10° G/ =R VB 1217121 = 0-0426x 10°
4.3 G Cr' Cr (1.3787 x 10”)
91 32
3 2 12 71
(HQFYCNKDEMWI) 4 100121 (1 M
7 PTVAGRX) 6 ) OllxlA (W X
2 (L Ss) ) 13 1
Cr= (zv)lféw!)wmz' 12%;52' ’
- A e By Cr'(6.0426 x 10%)
=1.3029 x 10° x 1.0582 x 10° = 1.3787 x 10"
Ce /Cr = 8.1693 Cc  Cp 8
1
5 6
1.13 x 107,
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ANALYSIS OF COMBINATORIAL CODING NUMBERS OF THE GENETIC CODE PATTERNS

CHEN Wei-chang', CHEN Zhi-yi’, CHEN Zhi-hua’, WANG Zi- qiang'

(1. Department of Biophysics, China Japan Friendship Institute of Medical Sciences, Beijing 100029, China;
2. National Laboratory of Pattern Recognition, The Chinese Academy of Sciences, Beijing 100080, China;
3. Department of Biochemistry and Molecular Biology, China Japan Friendship Institute of Medical Sciences,
Beijing 100029, China)

Abstract: The coding pattern which uses N codons to encode m objects is a vertex in N di-
mension space of m elements. The combinatorial coding number of 64 codons to encode 20 amino
acids and the terminate code is very huge. The topological properties of the polynomial high di-
mension spaces (the m — N spaces) were first analyzed and the characteristic triangles (Chen We-
ichang Triangles) of the m — N spaces were obtained. A mathematical proof of the characteristic
triangles was also given. Obviously, the coding pattern of the genetic code is a vertex in a 64 di-
mension space of 21 elements. Using the combinatorial mathematical method, the following combi-
natorial numbers of genetic coding patterns had been calculated: the maximum combinatorial number
of genetic coding patterns C, (C, =4.19x 10*); the combinatorial number of genomic coding pattens
Co(Co =1.13%10°), the combinatorial number of mitochondrial coding patterns Cr(Cr=1.38x107).
It is suggested that the determination of the genetic code is an event of extremely small probability.
The origin of the genomic genetic codes might be from the symmetry breaking of the triplets pairs
of the mitochondrial codes.

Key Words: Genetic code; Coded object (codim) and coding element (codon):;

Combinatorial coding numbers;
Polynomial high dimension space (hypergrid space); Polynomial theorem ;

Chen Weichang triangle (extended Jia Xian and Pascal triangle)



