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Table 1 Table of degeneracy of protein

A B C A B C
Arg R 6 Gln Q 2
Len L 6 His H 2
Ser 3 6 Glu E 2
Thr T 4 Asp D 2
Pro P 4 Tyr Y 2
Ala A 4 Cys C 2
Gly G 4 Phe F 2
Val v 4 1le 1 3
Lys K 2 Met M 1
Asn N 2 Trp w 1

A: Amino acid; B: Abbreviate of amino acid; C: Degeneracy.
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Tahle 2 Number of genes selected from NCBI and the
percent of the genes selected in the genes given in NCBI

A B C D E
1 244 2 430 357 4.7
2 241 1785 273 15.3
3 199 1371 241 17.6
4 191 1 064 241 17.5
5 181 1196 243 20.3
6 170 1343 325 24.2
7 157 1282 223 17.4
8 146 928 160 17.2
9 132 1076 194 18.0
10 134 989 149 151
11 136 1 645 304 18.5
12 133 1272 259 20. 4
13 111 496 79 15.9
14 101 937 123 13.1
15 96 854 133 5.6
16 91 1 036 182 17.2
17 84 1402 360 25.7
18 78 408 67 16. 4
19 59 1577 261 16.6
20 62 736 110 14.9
21 44 300 45 15.0
22 47 697 113 16.2
X 151 1110 185 16.7
Y 50 161 17 0.6
Total 3038 26 115 4 589 17.6

A: No. of chromosome; B: Number of pair bases of the chromosome;
C: Number of genes given in NCBI; D: Number of genes selected: E:

Percent of the genes selected in the genes given in NCBL
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Table 3 Parameter of the local degeneracy of the mutation

hotspots of genes selected
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A: The average local degeneracy of all amino acid residues; B: The
standard local degeneracy of the amino acid residues contain SNP; C:
The average of standard local degeneracy of the amino acid residues that
contain SNP (s); D: The disperse of local degeneracy of the amine
acid residues which containg SNP (s); E: The standard emror of the
local degeneracy of the amino acid residues which contain SNPs: m:
SNP: P: Parameter; E: Expression.
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Table 4 Parameter of local degeneracy of DRD1, HAR7

and CDH17
A B C D E
HARS 510 18 3. 544512 0. 320047
DRDI 441 52 3. 630488 0. 269897
CDHI17 833 18 3.457516 0. 346163

A: Name of gene; B: Number of amino acid; C€: Length of reading
frame; D: Average of local degeneracy; E: Standard error of local
degeneracy.
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Fig. 1 TFigure of local degeneracy of DRD1

Horizon axis represent the amino acid residues, and the longitude axis

represent the local degeneracy.
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Fig. 2 TFigure of local degeneracy of HARS

Horizon axis represent the amino acid residues, and the longitude axis

represent the local degeneracy.
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Fig. 3 Figure of local degeneracy of CDH17
Horizon axis represent the amino acid residues. and the longitude axis

represent the local degeneracy.
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Fig. 4 TFigure of local degeneracy of DRD1 marked with
SNP spots

Horizon axis represents the amino acid residues. and the longitude axis

represents the local degeneracy. Vertical lines represent SNP spots. Part

of SNP of DRD1 located in amino acid residue with low local degeneracy
and no in high local degeneracy.
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Fig. 5 TFigure of local degeneracy of HARS marked with
SNP spots
Horizon axis represents the amino acid residues. and the longitude axis
represents the local degeneracy. Vertical lines represent SNP spots. Part
of SNP of HARS located in amino acid residue with high local degeneracy
and no in low local degeneracy.
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Fig. 6 Figure of local degeneracy of CDH17 marked with
SNP spots
Horizon axis represents the amino acid residues. and the longitude axis
represents the local degeneracy. Vertical lines represent SNP spots. Part
of SNP of CDHI7 located in amino acid residues with both high local
degeneracy and also those in low local degeneracy.
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Table 5 Function classes and the genes of them that are classified to a common branch in cluster analysis

A B C
1 A kinase (PRKA) anchor protein AKAPI3, AKAP2 2
2 Desmoglein DSGL, DSG2 2
3 Keratin KRT14, KRT17, KRT6A, KRT6B 4
4 Laminin LAMB1., LAMB3, LAMCI 3
5 Williams-Beuren Syndrome WBSCR20B, WBSCR20C 2
6 Major histocompatibility complex class [ HIA-A, HLA-B 2
7 Excision repair cross-complementing rodent repair ERCC5, ERCCo 2

deficiency, complementation group 2

8 Bone morphogenetic protein receptor BMPRIA, BMPR2 2
9 Aldo-keto reductase family 1 AKRICL, AKRIC2, AKRIC3, AKRIC4 4
10 Apolipoprotein APOA4, APOE 2
11 Calcium channel, voliage-dependen CACNATA, CACNGL 2
12 Chorionic gonadotropin CGB, CGBS, CGR7, CGB8 4

13 Polymerase (RNA) I (DNA directed) polypeptide
14 Cadherin

15 Fibulin

16 Tripartite motif-containing

17 Rhesus bloed group

18 RAD21 homolog

POLR2A, POLR2]

CDH1. CDHI7. CDH2, CDH3, CDH4 5
FBLNI, FBLN2 2
TRIM10, TRIM36, TRIM38 3
RHCE. RHD 2
RAD2I, RADS 2

A: Function class: B: Genes of the funetion; €: Number of genes of the function class.
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Table 6 Protein function classes

F A B C Total
l 68 94 7 169
I} 13 26 5 41
| 15 26 2 43
v 71 190 22 283
Total 167 336 36 539

[ : Protein related to comprise and structure of cell; Il : Protein
related to disease and immunity: [[: Receptor; IV: Protein related to
regulation: F: Great function class; A: Number of genes in the great
function class with SNP spots of a single gene located in low degeneracy
region; B: Number of genes in the great function class with SNP spots of
a single gene located in high degeneracy region; C: Number of genes in
the great function class with SNP spots of a single gene located in both low

and high degeneracy region.
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Table 7 Function classes and genes of them that contain mutation hotspots only in high local degeneracy region

A B C D
1 I} Antigen LMANI, ANXAI3. BPAGI, 6
BSTIL, D5G3, MOX2
2 I Heterogeneous nuclear ribonucleoprotein HNRPA3, HNRPHI 2
3 I Desmoglein D3G1, DSG2 2
4 I Keratin KRT14 , KRT17, KRT6A, KRT6B 4
5 I Laminin LAMBI1, LAMB3, LAMCI 3
6 I Mitochondrial ribogomal protein MRPL28, MRPL38, MRPLAO 3
7 I Sorting nexin SNAGL, SNX2 2
8 I Tubulin TUBAT, TUBA3 2
g I Major histocompatibility complex, class 1 HLA-A, HLA-B 2
10 I} Glutamate receptor GRIA4, GRINI, GRM4, GRMS 4
11 I Interleukin recepto ILI7R, IL2RA, 1I4R 3
12 Vs Myosin, MYH7, MYLL 2
13 Vv Tumor necrosis factor receptor TNFRSF10B, TNFRSFILE, 3
Superfamily TNFRSF1A
14 V) Metalloproteinase ADAMIZ, ADADM20, ADAM2I, 6
ADAMTS2, ADAMTSS, ADAMTST
15 \ Aldehyde dehydrogenase 3 family ALDH3A2, ALDH3B2 2
16 \ Calpain, CAPN1, CAPN2 2
17 \ Chemokine €CL23, CCL2S 2
18 \ Cyclin-dependent kinase inhibitor CDKNIA, CDKN3 2
19 V) Chorionic gonadotropin, beta polypeptide CGB., CGB5, CGB7, CGB8 4
20 \ DEAD/H ( Asp-Glu-Ala-Asp/His) box DDX19, DDX4 2
Polypeptide
21 Glutathione S-transferase GSTAL, GSTA2 2
22 Matrix metalloproteinase MMP23A, MMP23B 2
23 Polymerase (RNAY I ( DNA directed) POLR2A, POLR2] 2
Polypeptide
24 Vv Tumor necrosis factor TNF, TNFSF11 2
A: Great function class: B: Funetion class: C: Genes of the function class: D: Number of genes of the function class. The tabs of
great function class of this table are corresponding to these in Table 6.
XTI 555 TR N ERER, FlinEisfE ASARENERRRIER, X SR

B. BUHEBHFEIE. 8

ThEe N R R E R

T&RS.



2004; 31 (12 b E S ENE

Prog. Biochem. Biophys. * 1097 -

Table 8 Function classes and genes of them that contain mutation hotspots only in low local degeneracy region

A B C D
1 I A kinase anchor protein AKAPI3, AKAP2 2
2 I Williams-Beuren syndrome WBSCR20B, WBSCR20C 2
3 \ Aldo-kew reductase family 1 AKRICL, AKRIC2, AKRIC4, AKRIC3, 4
4 \ UDP-Gal: betaGleNAc beta B3GALTS, B4GALTI 2

A: Great function class: B: Function class: C: Genes of the function class; D: Number of genes of the function class. The tabs of

great function class of this table are corresponding to these in Table 6.
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Abstract This is a research of the relationship between the characteristics of local degeneracy on mutational
hotspots regains on genes of human genome. There includes the introduction of related research background and a
draft of the caleulation methods of local degeneracy and clustering. SNP spots are regarded as the foundation teo
decide mutational hotspots. 2 831 genes of human genome are selected and analyzed by their characteristics of local
degeneracy on hotspots regains. Furthermore, genes whose hotspots are aggregated in relatively high local
degeneracy regains and their low counterpart are analyzed and classified by their biological function. The selected
genes are clustered by their parameters of local degeneracy. Some function classes whose selected genes are
clustered together through clustering are found. For certain function classes, all selected genes of each class have
similar parameters of local degeneracy. It appears that the local degeneracy of amino acid residues that contain
SNPs of certain gene depends on the function of the proteins these genes produce. The fundamental reason for this
phenomenon may be that by their nature, SNPs connect local degeneracy in mutational hotspot regions and
biological function. Depending on whether they are degenerate SNPs affect the functions of proteins, and each no
degenerate SNP may be a potential source of phenotypic diversity. Human genes appear to select high local
degeneracy at the amino acid residues that contain SNPs. This may be the result of natural selection. This result
shows that their trait of local degeneracy also like each other, which is a good clue to predict gene function by their

local degeneracy.
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