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Table 1 The numbers of codon pairs and triplet pairs, the numbers of ORFs and intergenic sequences,
and the 35 organisms' names and their abbreviations

Name
Halobacterium_sp
Pyrococcus_abyssi
Pyrococcus_furiosus
Sulfolobus_solfataricus
Thermococcus_kodakaraensis_KOD]1
Archaeoglobus_fulgidus
Thermosynechococcus_elongatus
Thermotoga_maritima
Methanobacterium_thermoautotrophicum
Sulfolobus_acidocaldarius_DSM_639
Acidobacteria_bacterium_FEllin345
Anabaena_variabilis_ ATCC_29413
Arthrobacter_aurescens_TC1
Bacillus_subtilis
Bacillus_thuringiensis_Al_Hakam
Bacteroides_thetaiotaomicron_V PI-5482
Escherichia_coli_K12
Gloeobacter_violaceus
Jannaschia_CCS1
Mycobacterium_tuberculosis_CDC1551
Nitrobacter_hamburgensis_X14
Oceanobacillus_theyensis
Pseudomonas_entomophila_L48
Pyrobaculum_aerophilum
Rhizobium_etli_ CFN_42
Rhodopseudomonas_palustris_BisB18
Shewanella_frigidimarina_NCIMB_400
Shigella_sonnei_Ss046
Trichodesmium_erythraeum_IMS101
Xanthomonas_oryzae_KA CC10331
Saccharomyces erevisiae
Debaryomyces_hansenii_CBS767
Caenorhabditis elegans
Arabidopsis thaliana

Drosophila_melanogaster

Abbr.
Hsp
Paby
Pfur
Ssol
Tkod
Aful
Telo
Tmar
Mthe
Saci
Abac
Avar
Aaur
Bsub
Bthu
Bthe
Ecol
Gvio
Jees
Mtub
Nham
Oihe
Pent
Paer
Retl
Rpal
Sfri
Sson
Tery
Xory
Sere
Dhan
Cele
Atha
Dmel

Domain
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E

Gene No.
1008
929
1054
1491
1128
1178
1277
1011
1093
939
2350
2668
1968
1941
2320
2366
2070
2189
2218
2080
1884
1736
2511
1361
2069
2393
2079
2076
2212
2189
2944
3300
11575
15310
9841

Codon pairs
287228
259977
287673
423850
319922
330763
388263
318605
256360
306941
824165
926976
661409
595440
701783
935946
649189
674425
688899
648475
582774
492986
840891
350638
647452
773048
674741
629815
760875
690992
1459439
1532383
5102516
6215657
5518997

Intergenic No.
867
800
807
1148
888
850
1126
631
867
769
2022
2535
1650
1680
2026
2182
1756
1938
1544
1669
2658
1532
2162
1069
1833
2052
1869
1789
2156
1675
2927
3160
10143
20459
7211

Triplet pairs
110437
109608
142880
305052
134423
164724
183358
110203
101240
212688
334167
416665
346712
268282
412159
313039
269509
342060
264010
329744
348975
240549
371158
183361
268978
376368
313709
447497
1033523
504847
1239721
1152782
16574978

24832614
19651710

Note: E means eukaryote, B means bacteria and A means archaea



178 G|

/I

20074F

1.2 oA ®
1.2.1 BRI A4

BRI Gt I WA IR (2 AN Gt
JPARELS T K g e 51D IR A, TFR,
WA AN A, FES =A% 1 A 55, T
SR A 1L A A AsAs v ALA, IR
WIARENE OLE 1D, o A, R4 L %01

A BN o AT SR 41 A A
61°=3721 1. FAVEAH FHIE A Ay T 00X A5
B (183 MEE) . Geih T AT 4 i3 41 1K 45 Fh
PR AT

TERCHIN B0 AR S 7
AKX L L F3O SRR H B A RS
YA B AL A RS T

A A, Ay Ay As Ag
AUG | CAC | CAA GCG | UCA CGG

CUA UGG

A Ay | e A,
CCG

AS'IOP

UAG

Fig.1 Grouping of codons into codon pairs. Each codon from a coding sequence is assigned

‘A’ . The numeric identifier (n) shows the codon position
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Fig.2 (A) Correlation between « and B of the fitting
results of the distribution of the real frequencies of codon
pairs in CDS in the 35 genomes. (B) Correlation between
a and InB of the fitting results for the distribution of the
real frequencies of intergenic triplet pairs in the 35

genomes. O: Archaea; [0: Bacteria; A: Eukarya
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Fig.3 The fitting curves of I'(aB) distribution for codon
pairs and triplet pairs with the variation of their real
frequencies in FE.coli genome. The =x-axis denotes the
frequencies of codon pairs and triplet pairs, the y-axis
denotes the fraction from all possible types of codon pairs

and triplet pairs. A: CDS; O: Intergenic
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Table 2 The average a and B of I'(e,B) distributions for the real frequencies of codon pairs and intergenic triplet

pairs in 35 genomes and two parameters o and B of I'(e8) distribution for a random sequence triplet pairs

Domain a, B a, B
Archaea 0.72+0.08 106+15 1.63+0.28 24+10
Bacteria 1.11£0.22 188+57 2.08+0.34 6050
Eukarya 2.01+0.35 581+271 1.51+0.19 1963+1623
Random 9.51 41

The subscript 1 represents codon pairs and the subscript 2 denotes triplet pairs
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Fig4 The I'(eB) distribution curves for the distribution
of frequency of occurrence of codon pairs. ---: Archaea;

—: Bacteria;, — - —: Eukarya

A, WAL, 4K 2 B A A PR P AR
MR, X ARBE LA AR W . K2 e i
FPTAT TR B « HR T 1, AT — AU
B, R Y BUUAIAR /D 1R s A R H A8
TR BRI A o NI ARG,
AT [ (P B SR IEFE IS T, T4k
THEE MIEL, fEIEFEIT) N, w2 AR
PR BCREEALAR AN, R G )3 51473 TH DR
T AEYIIRAE, AR EAZ AN, B A
Bl 3 AR, B 2 8] ) SRR AR Aok 5 o
[ SR A, vt TR AT A T ) 5 e A P A 1 S
(RIZE00 5 v T g A 2 0 e R T F A8 P 22 0 B K
RAGRG = F g8,

XTSI P31, o P R S i 7
FURH Ao o A EAZE I o PR,
CATI N T AN o YA, B A1 e 25 B AL
JPAVEIE o X WA T4, s A A A
PR DR] 7 51— I R 0) (1 HE L B8 A BB 3 2 [A) 1)
RHRTE R o [FIRE A R AR, b TRRH 40 1R 1Y) 25 [ )
FEHERAN R LG B, o BRI SR8
MBS AT B X E5S S FE s RS .

BAHAEEEE F WL T FEAMIAL, MK 2 ] LA
A, BT IR AR, i R e
FIE I 0] 751, SEALER, B HISF I K
CERNE N R ) = NDNER S P NP
ARK, FEBAALMIAREZEIR A . I s a3
HH S 43 A 2 18 T (0 B) 43 A 1) o

R A — TR R . BT 1)
A2 R BRI FE AR M (Rpal) FTHE 41
(Avar) X PRI R AR KR . BRI o
MIBAESY WA 0.82 F1 123, Ho o fHAE T B RT3
Vs Bl 2 W, #3T 3 B Tkod (a=0.82) . Ssol
(a=0.81) Fll Telo (a=0.81), B{H/E T B T
1 1.16 £5. WEANW M o A1 BAEH DN : 1.65 F1
355, I o {HAI B {EHLE B YT ETEH A
D(aB) A SE o BT o3 A TEAR, BL A
S0 TR R o (E 23 0l ST B R SR AR (UL 2D,
ST IX R AR R R . At
TH P LB R A AR B R B B R R
T 5 A0 B L SR A E DR AE o 0 40 v T A 5 4
R 5 Al B ARBL Ak XA 5 SRR AR AL 5 A
PRSI RRRIE RS, FEBATT I 58 S e b e 25
XA BB SR B . IR BRIE B S R0 A A B
BUERR T RIS 2 41, TR 2 P
B S PR 348 38 I ) 4 SR8, 1 SR e D el
HE %X R LA S RZ AW Z
b,



3

2.2 EERG NG AN = BA AT 4B X 45 X A5 Pl L AR R 4T 4K
o]

R, T(aB) 3 MSE o KW T 504 i
TEAR, 5B Wk TAEAIRUASE . 1 B S B 7 A1
S T(aB) AT, X —HEE A0 . BN
S AN 18 B S B 4341 T LA T B) 73 A1 1R Ly Hiu 4
B, FFARIUEE BRI AL T(eB) i Aie A T iE—
5 0TI 585 6o AR = B AR R A A X B0 it LA 1) 4
A2 T(B) i, KSR A RS &
B FERIRAN, BIRRE AN A v e o () 2 B )
I = IBCAAORT PR S B AT & il SR R A P 91 A Y
TLEIAE A, 6 e FI EER 2 100 J1AN %604
F AR A ER T Aful FEZL KN .
RSB A S T(aB) A, WIAEST & A A5 JE
AT, A1 20 o (N % 5 S8 PR 41
A N2 o fH—HF . IXFEIE T DL H 2 L g
T HNANEE DA o) e 2 R 0 A A2 Ak, T AR AR
5 B T R = TR AA A FH PR kA 22 031

DR ZH B4 350 G i 71 o A 2 R A H IR
VAT A, Dk Vo FE R4 rp 4 L DR ) e 41 v
FAS =IO A B AR A, ok Ve 3L

ST
10°
N= xV, 6
NTOT OBS ( )
10°
N=2Y"
N'TOT XN 0 (7)

Nogs A& 2k K ZH HL T A7 G 2 41) i B AN 2 i on) A
R BUAIEL, Naor 22X W 2B 10 T AT G 65 P 21 11
WRDRE K Ny A& A3k A e) 2 41 rh 2 A = Ik
X L AIAEL,  Niror S 42 038 DA 1) P ) = BiK
ESSHISE e

XA LA A AR R R ZEvE ik, X 35 b
P AL AR BT A G b P 5 AR R A PR 8] P 1)
IR A AR H ,  BEICARDR A 1 20 A
C(eB) i A AT i, G5 R 50 7 A58 P bt
B oA LB, X HLE ORI AT 31 1) G B 71 2 £
X CAEERE RO SR P8 =B (5
Aol 5D DB LA g QLK 6. K 3 4
R =RAEY) o 5 B I EIE.

HER Tt ey s e, 545 R 2.0 1
B 0 ASE o FEARBATHAR, BAAM AR LA
AR AR F IR A 9% o A 7 DA R AT 55 1) 2 AF
s A AT BME <x>=aB AZTIEK B B «
Ao X R NI 2 FIEE 3 - LU

B PR A B RE A 2 1A 181
(A) CDS
500
Rel
400
o
=]
300 m
@ 8
L ual
200 A,
A
100
0 L L
1 2 3
o
B) Intergenic
500
400
300 -
A
«Q ©®
200
o
33
100 - oog, .
0 1
2 4

Fig.5 (A) Correlation between a and B of the fitting
results of the distribution of the relative frequencies of
codon pairs in CDS in the 35 genomes. (B) Correlation
between a and B of the fitting results for the distribution
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frequencies in FE.coli genome. The =x-axis denotes the
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Table 3 The average « and B of I'(eB) distributions for the relative frequencies of codon pairs and intergenic

triplet pairs in 35 genomes

Domain a,

Archaea 0.72+0.08
Bacteria 1.08+0.22
Eukarya 2.01+£0.35

360+50
297434
170+50

@ B
1.65+0.28 158+41
2.06+0.34 143+52
1.50+0.19 205+37

The subscript 1 represents codon pairs and the subscript 2 denotes triplet pairs
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CODON PAIRS USAGE AND GENOME EVOLUTION

WANG Fang-ping, LI Hong
(Department of Physics, College of Sciences and Technology, Inner Mongolia University, Hohhot 010021, China)

Abstract: The distributions of the relative mode numbers of codon pairs in protein coding sequences
and triplet pairs in intergenic sequences are analysed in ten archaea, twenty bacteria and five eukaryote
genomes. It is proposed that these distributions are in accord with I' (o) distribution. The shape
parameter o of I'(aB) distribution has distinctive correlation with the genome evolution. The modes of
evolution for protein coding sequences and intergenic sequences are significantly different. In the course
of evolution, the shape of I'(aB) distribution for protein coding sequences moves toward the random
distribution (The « value increased gradually). For intergenic sequences, however, the shape of I'(a)
distribution of archaea is similar to eukaryote, and distinctly different from bacteria.
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