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SE SCRH L 3 3 40 B HLBE 3% 1 fras . 8 1 e 1~ 11 ARk 43 i & A 26 Chuman) , K 1 7 (goat)
171 FLH (opossum) , J5 3 (gallus) , IR 4 (lemur) , /N B (mouse) , g T~ (rabbit) , % & (rat) , KRR (goril-
la) ., 4B+ 8 %) (bovine) , 2SR & (chimpanzee).

F1 11 AR A SR A

Tab.1 Frequency matrix of eleven species

. human goat
R A T C G A T C G
A 0.043 5 0.0217 0.043 5 0.076 1 0.058 1 0.023 3 0.023 3 0.093 0
T 0.010 9 0.0217 0.0217 0.163 0 0 0.023 3 0.023 3 0.151 2
C 0.032 6 0.076 1 0.076 1 0.021 7 0.034 9 0.093 0 0.046 5 0.023 3
G 0.087 0 0.097 8 0.065 2 0.130 4 0.093 0 0.058 1 0.104 7 0.139 5
- opossum : gallus
A T C G A T C G
A 0.032 6 0.032 6 0.076 1 0.087 0 0.054 3 0.043 5 0.032 6 0.076 1
T 0.0217 0.043 5 0.043 5 0.130 4 0 0 0.043 5 0.119 6
C 0.076 1 0.097 8 0.043 5 0 0.076 1 0.076 1 0.076 1 0.032 6
G 0.087 0 0.065 2 0.054 3 0.097 8 0.065 2 0.043 5 0.108 7 0.141 3
lemur mouse
A T C G A T C G
A 0.043 5 0.043 5 0.021 7 0.097 8 0.053 2 0.031 9 0.031 9 0.063 8
T 0.0109 0.043 5 0.043 5 0.152 2 0 0.0319 0.0319 0.180 9
C 0.043 5 0.087 0 0.0217 0.010 9 0.0319 0.095 7 0.074 5 0.010 6
G 0.097 8 0.076 1 0.076 1 0.119 6 0.085 1 0.085 1 0.074 5 0.106 4
rabbit rat
e A T C G A T C G
A 0. 055 6 0.033 3 0.0111 0.088 9 0.065 2 0.043 5 0.043 5 0.065 2
T 0 0.0111 0.044 4 0.166 7 0.043 5 0.021 7 0 0.163 0
C 0.044 4 0.055 6 0.055 6 0.0111 0.0217 0.097 8 0.065 2 0.010 9
G 0.077 8 0.122 2 0.066 7 0.144 4 0.076 1 0.065 2 0.087 0 0.119 6
gorilla bovine
A T C G A T C G
A 0.043 0 0.021 5 0.043 0 0.075 3 0.058 1 0.023 3 0.023 3 0.093 0
T 0.010 8 0.0215 0.0215 0.161 30 0.046 5 0.0116 0.151 2
0.032 3 0.075 3 0.075 3 0.021 5 0.034 9 0.069 8 0.058 1 0.023 3
G 0. 086 0 0.096 8 0.064 5 0.139 8 0.093 0 0.069 8 0.093 0 0.139 5
. chimpanzee
WL A T C G
A 0.047 6 0.028 6 0.038 1 0.076 2
T 0.019 0 0.028 6 0.028 6 0.152 4
C 0.038 1 0.066 7 0.066 7 0.019 0
G 0.076 2 0.104 8 0.057 1 0.142 9
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AR AT A B B PR BT 1) 3 AT ATF S 11 A4S o i 55 4 1) [o] 2, B
human = (0. 184 8,0. 217 3,0. 206 5,0.380 4),goat = (0.197 7,0.197 8,0.197 7,0.395 3),
opossum = (0. 228 3,0.239 1,0.217 4,0. 304 3),gallus = (0. 206 5,0.163 1,0.260 9,0.358 7),
lemur = (0. 206 5,0.250 1,0.163 1,0.369 6), mouse = (0.180 8,0.244 7,0.212 7,0.351 1),
rabbit = (0. 188 9,0. 222 2,0.166 7,0.411 1),rat = (0. 217 4,0. 228 2,0. 195 6,0. 347 9),
gorilla = (0.182 8,0.215 1,0.204 4,0.387 1), bovine = (0.197 7,0.209 3,0.186 1,0.395 3),
chimpanzee = (0. 190 5,0. 228 6,0.190 5,0. 381 0).
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Fig. 1 Distribution of nucleotide of eleven species
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G 19 B AR s human #1 gorilla 58L& 5 LA SF. AT A 0, 0T 58 DNA FF 21 (045 5k DX I BE 2%
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DNA FFHIZ I GC & BRI DNA BRI E e
AR AT A B B PR 5T 2) 5 BT RATHAR I 11 S ol ) i 5 e ) it AP
human = (0. 174 0,0. 217 3,0.206 5,0.391 2), goat = (0.186 0,0.197 7,0.197 8,0.407 0),
opossum = (0. 217 4,0.239 1,0.217 4,0. 315 2), gallus = (0.195 6,0.163 1,0. 260 9,0. 369 6),
lemur = (0.195 7,0.250 1,0.163 0,0.380 5), mouse = (0. 170 2,0. 244 6,0. 212 8,0. 361 7),
rabbit = (0.177 8,0.222 2,0.177 8,0.411 1), rat = (0. 206 5,0. 228 2,0.195 7,0.358 0),
gorilla = (0.172 1,0. 215 1,0. 204 3,0. 397 9), bovine = (0. 186 0,0. 209 4,0.186 0,0. 407 0),
chimpanzee = (0. 180 9,0. 228 7,0. 190 5,0. 390 5).
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Tab. 2 Similarity matrix of eleven species based on the 2-norm

Wy Fh human goat opossum gallus  lemur mouse rabbit rat gorilla bovine chimpanzee
human 0 0.069 5 0.0898 0.0907 0.0756 0.047 0 0.0604 0.063 1 0.0097 0.057 6 0.029 7
goat 0 0.096 1 0.0710 0.0582 0.0720 0.0899 0.0708 0.0684 0.040 0 0.079 3
opossum 0 0.1052 0.0747 0.0886 0.1056 0.101 3 0.0919 0.098 3 0.087 2
gallus 0 0.097 9 0.101 2 0.1006 0.104 8 0.087 8 0.081 6 0.094 0
lemur 0 0.064 7 0.0781 0.0873 0.0765 0.0597 0.073 3
mouse 0 0.0741 0.066 0 0.0517 0.070 4 0.061 6
rabbit 0 0.094 3 0.0594 0.0807 0.049 6
rat 0 0.064 8 0.072 5 0.071 9
gorilla 0 0.0554 0.0267
bovine 0 0.064 4

chimpanzee 0
3 WBRIREE B AR 11 APl i AR (L4 5 B
Tab. 3 Similarity matrix of eleven species based on the Euclidian distance

Wy Fh human goat opossum gallus  lemur mouse rabbit rat gorilla bovine chimpanzee
human 0 0.078 4 0.0984 0.1054 0.0814 0.0497 0.0650 0.0721 0.0098 0.0627 0.0311
goat 0 0.109 2 0.0818 0.0634 0.076 3 0.0929 0.077 2 0.0740 0.040 3 0.083 2
opossum 0 0.116 1 0.0829 0.1006 0.127 7 0.1088 0.1013 0.1096 0.098 9
gallus 0 0.109 8 0.1120 0.116 2 0.1098 0.1039 0.094 0 0.105 5
lemur 0 0.078 2 0.084 8 0.0935 0.0828 0.0662 0.0788
mouse 0 0.0832 0.0689 0.0554 0.0733 0.067 4
rabbit 0 0.1116 0.0636 0.0836 0.053 3
rat 0 0.0739 0.079 5 0.081 1
gorilla 0 0.061 6 0.0275
bovine 0 0.067 3

chimpanzee 0
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Fl bovine AHRAPER & s ML Z T s opossum FIH AR FRAR L PE AR L 3X 5 opossum & 5 HoA il FL 2l 1) 5%
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Frequency Matrix of Nucleotide Combination of
DNA Sequences and Its Application

LI Yu-shuang', LIU Qian', ZHANG Yu’

(1. School of Science, Yanshan University, Qinhuangdao 066004, China;

2. Department of Computer, Shijiazhuang Post and Telecommunications Technical College, Shijiazhuang 050021, China)

Abstract: The frequency matrix of coding sequence of the first exon of g-globin gene of eleven species was proposed
based on the frequencies of nucleotide combinations in the DNA sequences. The similarity of eleven species was compared
with the aid of 2-norm of matrix. Moreover, the similarity analysis was spread among species with column graphs. The
results showed that the frequency matrix of DNA sequences not only could reflect the content distribution of nucleotides
and nucleotide combinations in DNA sequences, but also could display the mutations of sequences nucleotides.

Keywords: DNA; nucleotide combination; frequency matrix; similarity; coding sequence
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