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Abstract : The unusual feature of several species and heterogeneity of gene nucleotide content are com-
mon phenomena that exist in the avian mitochondrial genomes. In the present study, the base composi-
tions of functional site over 74 avian mitochondrial genomes retrieved from GenBank Organelle Genome
Resources on May 2008 were analyzed. The results showed as follow: (1) The GC-content at the third
codon position typically showed the largest range of variation, while the GC-content at the second co-
don position was not subject to large fluctuation. (2) By ordering the species by increasing percentage
of C, a very large variation in composition from 32. 60% to 50. 70% was observed. (3) Most major
changes of GC-content in the whole genomes between species could be attributed to shifts between the
proportions of C and T in the third position. (4) In addition, for each of the 74 species considered in
this study, GC-content at the third codon position has been significant positive correlated with GC-con-
tent of the whole genome sequence. All of the results will provide fundamental information for further
study on avian mitochondrial genome.
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Tab. 1  Avian species under consideration in current study

RS AN Y)Fh species B Rl AN

YiFh species

S AN YT species

NC_000877 Aythya americana
NC_004539  Anser albifrons
NC_005933  Anseranas semipalmata
NC_007011 Branta canadensis
NC_007691 Cygnus columbianus
NC_009684  Anas platyrhynchos
NC_008540 Apus apus

NC_002782  Apteryx haastii
NC_002778 Casuarius casuarius
NC_002784 Dromaius novaehollandiae
NC_003712  Arenaria interpres
NC_003713  Haematopus ater
NC_007006 Larus dominicanus

NC_002196 Ciconia boyciana
NC_002197 Ciconia ciconia
NC_007628 Cathartes aura
NC_008132  Nipponia nippon
NC_008551 Ardea novaehollandiae
NC_009736 Egretta eulophotes
NC_002672 Dinornis giganteus
NC_002673 Emeus crassus
NC_002779 Anomalopteryx didiformis
NC_000878 Falco peregrinus
NC_003128 Buteo buteo

NC_007598  Nisaetus nipalensis
NC_007599  Nisaetus alboniger
NC_008547 Falco sparverius
NC_008548 Micrastur gilvicollis
NC_008550 Pandion haliaetus
NC_001323  Gallus gallus
NC_003408 Coturnix japonica
NC_004575 Coturnix chinensis
NC_006382  Numida meleagris
NC_007227 Alectura lathami
NC_007235 Gallus gallus spadiceus
NC_007236  Gallus gallus gallus
NC_007237  Gallus gallus bankiva
NC_007978  Synthliboramphus antiquus || NC_007238  Gallus varius
NC_007239  Gallus lafayetit
NC_007240 Gallus sonneratii
NC_010195 Meleagris gallopavo
NC_007007 Gavia stellata
NC_008139 Gavia pacifica
NC_010091  Rhynochetos jubatus
NC_010092  Porphyrio hochstettert
NC_000879  Smithornis sharpei
NC_000880 Vidua chalybeata
NC_002069 Corvus frugilegus
NC_007883 Menura novaehollandiae - -

NC_007897 Taeniopygia guttata
NC_007975 Cnemotriccus fuscatus
NC_010227  Acrocephalus scirpaceus
NC_010228  Sylvia atricapilla
NC_010229  Sylvia crasstrostris
NC_007979 Phaethon rubricauda
NC_010089  Phoenicopterus ruber roseus
NC_008546  Dryocopus pileatus
NC_008549  Pteroglossus azara flavirostris
NC_008140 Podiceps cristatus
NC_010095 Tachybaptus novaehollandiae
NC_007172  Thalassarche melanophris
NC_007174 Pterodroma brevirostris
NC_005931  Strigops habroptilus
NC_009134  Melopsittacus undulatus
NC_000846 Rhea americana
NC_002783  Pterocnemia pennata
NC_004538  Eudyptula minor
NC_008138  Eudyptes chrysocome
NC_005932  Ninox novaeseelandiae
NC_002785 Struthio camelus
NC_002772 Eudromia elegans
NC_002781 Tinamus major
NC_010094 Archilochus colubris
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Tab.2  Description statistics of GC contents at the different regions of Mt genomes %
SR items GCALL GCPro GCrRNA GC1 GC2 GC3 GC12
#2/]ME minimum 42.30 42. 60 43.00 47.90 40.90 38.00 44. 80
5 KAH maximum 49.50 50.70 50. 30 53.50 42.80 57.90 47.80
3 A5 Y Bl range 7.20 8.10 7.30 5. 60 1.90 19.90 3.00
SF-14{H mean 45.53 46.52 46.21 50. 88 41.85 46. 83 46.37
Fi{H median 45.50 46. 65 46. 30 50. 75 41. 80 46.75 46. 35
Fr#E2Z Std. Deviation 1. 4015 1. 6416 1.3174 1.2032 0.3589 3. 8749 0. 656
AR CV. 1.1702 1. 1901 1. 1698 1.1169 1. 0465 1. 5237 1. 067
J5 2% variance 1. 964 2. 695 1.736 1. 448 0.129 15.015 0.43
i i 22 % skewness 0.105 0. 026 0.169 0.038 0.195 0.226 -0.192
W4 ¥ Z2 4 kurtosis 0. 454 0.129 1. 094 -0.288 0. 191 0.611 -0.197

[E: GCALL: ZRAIRIENA] GC &it; GCPro: MPBIAMAGIX GC &t ; GCrRNA: A RNA X GC &it; GCl: %
BT 1 GC frhits GC2: SR TH2 B GC ks GCI2: 85 1 A2 B GC frkks GC3: 83T 3 2 GC ik, T,
Note; GCALL: GC complete mitochondrial genome; GCPro: GC content in the protein encoding region; GCrRNA: GC con-

tent of RNA encoding region; GCl: GC content in the first position of codons; GC2: GC content in the second position of codons;

GC12: GC content in the first and second position of codons; GC3: GC content in the third position of codons, the same as below.
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Tab.3 Distribution of GC contents

of Mt genomes in different region

50

HEIE /% GCALL GCPro GC1 GC2 GC3
contents range
37.5 ~ 40.0 0 0 0 0 3
40.0 ~ 42.5 2 0 0 69 7
42.5 ~ 45.0 23 11 0 5 10
45.0 ~ 47.5 44 46 0 0 21
47.5 ~ 50.0 5 15 15 0 19
50.0 ~ 52.5 0 2 50 0 9
52.5 ~ 55.0 0 0 0 3
55.0 ~ 57.5 0 0 0 1
57.5 ~ 60.0 0 0 0 1
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0.01), ¥iH] GC3 5 GCALL 2[Rl AAHICM:

60 7eT: -1.154x+67.17
°C: 1.308x-18.89
50 {7G: 0.6013x:21.19 o
aA: -0.7614x+73.19 °
o

il R sl
30 | A

A’\
=}
base content

Y .
E 5201
10 1
0
40 42 44 46 48 50

RLAATER A GO BE/%
GC content of mitochondrial genome
El2 GCALLSZERTHIMIEWEME KT
Fig. 2 Correlation of GCALL with the base
composition of the third codon position
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MBI, 563 TR s B K,
M5 3 LA FIR3E C 0 & e A S T AR
B SRR (18.10% ) . HHER 4 WM, 7E
WS 1 ARNSS 2 LIRS & ARk, TS
3 A A AR, R, XPEERTAE 3 4%
Bl SR Lok AR R R 4 GC Ak A7 [ 4 #
2 R4 3 AL C ANBRIE T AR50
J71.308 (r=0.328, P<0.01) 1 -1.154 (r=
0.292, P<0.01), Wi#AS+2 3 ikt G At
A WAL AR 0.601 (r=0.351, P<0.01) A
-0.7614 (r=0.182, P<0.01), Bf3L C FgL T
2 R RIRIE R T HlEE G FIBE A, RN 155

2.4 ND3 JE DA g e 4 A
I HiT7E 2800 & 240 & B ND3 JE R 4 A —1>
JIENERZ TR . 325 WA 44> 3 ND3
FEIAAAE N WE 4R A LR W Fh B H o 78 A
Hrb, B iR AEAE ND3 KR PR A7 7 B 15 WE 4
ANBL L, MAE4 i Hd, WA H (Apodi-
formes ) . /% & H ( Charadriiformes ) . #8 J£ H
( Ciconiiformes ) ., #£7¥ H ( Falconiformes) . %7
H (Galliformes) . #87 H ( Pelecaniformes) 148
2 H  (Passeriformes) HRAFLEAHHET ML IR IE I A RY
Prff, i ELAE C I G R 5L R 240 42 41 0 9 A~
I8 B YR b AR S E A A BESR
F5 BXND3ERFEMEERBARESH
Tab.5 Comparison of extra cytosine

insertion in ND3 gene for avian taxa

No. C Insertion

H Order
Spe  +

R 2 GBI A, (DAL S IETPH Anserifomes © o0
Mi#EH Apodiformes 1 0 1

R S RLRL R R 2, (5 A 248 DGR 43 IX I ks {#J% H Charadsiiformes 4 3 1
WEAmMEX A GC &8 7 IEFAR GC &, #53% H Ciconiiformes 6 4 2
Fjﬂ/y\gj%*jﬁggzﬂ RO B AR A E R L T 3 I H Falconiformes 7 4 3
{37 C FI T BlFEAE s B A MIEH Galliformes 2 11 1
*4 AEEBFUHERERINE Neognathae i 5 [ Gaviiformes 22 0

Tab.4  Variability of base contents at 3 codon positions % #5JE H Gruiformes 2 2 0
ZZHSF58 1 37 the first codon position I H Passeriformes 0 0 0

BRI base BME R PHE G 99 H Pelecaniformes 1 0 1
minimum maximum mean range £1#5H Phoenicopteriformes 1 1 0

BRI adenine  27.0  29.7  28.5 2.7 FIE A Piciformes 2 2 0
Ji BRI thymine  19. 2 23.0 20.62 3.8 BB H Podicipediformes 2 2 0
JBAE cytosine 27. 1 30.3  28.69 3.2 HEIE H Procellariiformes 22 0
IS guanine  20. 8 2.1 22,19 3.3 WA E I H Psittaciformes 2 2 0
T4 2 fif the second codon position Neognathae 34 | Sphenisciformes 2 2 0

BREL base BAME  EAME PHE GE 883 H Strigiformes 1 1 0
minimum maximum mean range 1% 15, H Trochiliformes 1 1 0

JRNZE RS adenine 17.7 18.6 18. 09 0.9 JL4EH Apterygiformes 1 1 0
i SR BENE thymine  39. 1 40.9 40. 06 1.8 f958% H Casuariiformes 2 2 0
HELMELE cytosine 28.0 30. 1 29.12 2.1 e E  #5H Dinornithiformes 3 3 0
B E1s guanine 12,4 13.0 12.74 0.6 Palaeognathae £ 9l & H Rheiformes 2 2 0
S F%5 3 i the third codon position B2JE H Struthioniformes 1 1 0

3L base B/AME BROKME EWE JEE [J£5] #IH Tinamiformes 2 2 0

minimum maximum  mean range

JRZENS adenine 29.3 43.4 38.53 14. 1
N iR BELE thymine  10. 4 25.4 14. 64 15.0
JBEIE cytosine 32.6 50.7 40. 66 18.1
5% guanine 3.5 10.5 6. 18 7.0

[:: No. Spe: ABFSEHIZHE P IHFEH; C Inser-
tion ((+): fETEMIMANESR ABLA YA ECH; C Insertion
(=) RNEAEMMEVERAZ Y REE ;

Note: No. Spe: the number of total species; C Insertion
( +): the number of species with extra base; C Insertion
( =) : the number of species without extra base
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H9 (Aythya Americana) , KEER M 11373 bp, HEIR
X =AY FIE R A i X IR — 2, (R
RERFEDRI 20 3 514 B2 43331 h 18 967 bp (BRJE{F R
1) .16697 bp ( HAHSEY) F116 616 bp (EI T
M) o TERALRL A I R 20 v B 1 G DXl 5 e b A
BEIRIZH 0 DA BEAAEAECHR
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19000 f, I
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o

58 16000 | |
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= o

£ 5 14000 | |
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Note: No.1~63 denotes Neognathae; No.64~74 denotes Palaeognathae.
3 ZRAEFEEMERRBXENFIKES>TTEE
Fig. 3 Distribution of sequence length of whole Mt genomes and protein coding region
3 it (0.60% ~2.10% ), —fBeiky, ARG HHi
T

ARMFIT LG TR A LR R L 4L i GC 5 &2 AN
it X 1 GC S AL 2t GC3 AR ks i,
FEANEA | ALY S AR RS B S0 4 v A A K P B
G0 BARERRLTAS 3 A IR S R, H
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VA B T80 A0 AR R 2 45 A ) e 502 1) 4 1 i
4l (GC &Rty 25% ~75% ) ™, ik
PRI GC & (1) s BBl A 4 B2

WHEINK, 951 K5 2 A B A T I Y 2R
PRIE SRR, MisE 3 0 &% 1 AR X ir &%
PR I/, 3 22 5 s 1 66 DR 20 i 3k
A AT BRI Y TS 2 A T4 R
il 3 AE A [v] 4 ol A el 3 4 A P AR X L PR R

SEEE A RO SR, TS 2 60
T2 B B TE R B 5 B IE R TS 1 OFIER 3 i
[O1E R TR VA o R Rt DK i [ A UL i 2
A= 2PN R PN R A DAL I EP S A T
3R G I 3 PR ANIR, IR AR
FURARAACF (VNT 10% ), XA BE R AE T 7L 3h
/LU 2

B AR LR 2 7 A [ W R I 5 0 1 S
AR . AT S BT 74 A 2K B Zoks
PREE IR B, S5 R IR, 3 LRI 1) i
Pl i FZRPR RS T4 3 AL CR T P Bk
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T A3 A 3k DR 2L R S el 3 AN XA A7 Y o D IR P
TR F AR B 2 I R X e 35 119 IR ) A
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3 (A ik B AR B 5 A 2K B B R R R 2 R AR
JFE 77 5%t BE DR 4 P 11 3K B A TR BB % 7= A A SR
SR, RIFIE b BRI 4 AT A S I A B G A
REEBESE R ERA B, I H ALk [ )
Sy R ERI B e R R P Fp ] (s R — 36
HAPARFEXE) 551 AR 2 (%505 T AE7E AR AT
RSB o SETEE 3 ALY T AR (T ok
— BEAFFEGHIY . 1988 4F. SUEOKA #4573 vk ik
AL PRI H 7 [ 2848 FE 772t ( Directional Mu-
tation Pressure Theory) B e ik A B
& DNA iy GC i £ 2 N Z i A2 ek, Jr
PEZEAS FE 12400 GC & e 56 3 (v %A% 111
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