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Abstract Mitochondron has its own unique mitochondrial genome which encodes 13 proteins related to oxida-
tive phosphorylation. Through the oxidatire phosphorylation, the mitochondron can produce a large amount of ad-
enosine triphosphate (ATP) and reactive oxygen species to meet the energy requirements of biological daily activi-
ties. The loss of hemoglobin in white-blooded Antarctic fish results in drastically decreased oxygen carrying ca-
pacity. Therefore, these mitochondrial protein-coding genes may be under adaptive evolution to cope with the ox-
ygen supply challenge. To investigate the impact of hemoglobin on the evolution of the Antarctic fish mitochon-
drial protein-coding genes, we analyzed three kinds of fishes, including 6 white-blooded Antarctic fishes, 5 red-

blooded Antarctic fishes, and 9 tropical fishes. we estimated evolutionary rates, relaxed selections, the polymor-
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phisms of homologous sites and 3D structure prediction of 13 protein encoding genes. We found that evolutionary

rates of mitochondrial genome were relatively increased in red-blooded Antarctic fishes than that of white-blood

Antarctic fishes and tropical fishes. Furthermore, these genes were only under relaxed selection in red-blooded

Antarctic fish. More amino acid polymorphic sites were presented in red-blooded Antarctic fish than the other

two groups. On the contrary, the evolutionary rates of these genes in the white-blooded Antarctic fishes were rela-

tively decreased and some genes were under intensified selection; the polymorphic sites of amino acid sequences

were relatively less than that of red-blooded Antarctic fishes. This study indicates that existence of hemoglobin

could affect the evolutionary behavior of the mitochondrial genes in Antarctic fishes.
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Figure 1 Phylogenetic relationships among the species investigated in this study
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Figure 2 Comparisons of dy, ds and d,/d values in white-blooded Antartic fish, red-blooded Antarctic fish and tropical fish
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1 RELAX 745 S p BT W4 R 7y
Table 1 The significant results of the RELAX analysis

P ES Mtz HEH P1H
Selection Test Branches Gene P-value
JBORA PR 211 P A £ ATPS 0.011
Relaxation Red-blooded Antarctic fish cox2 0
CYTB 0
NDI 0
ND2 0
ND3 0
ND4 0
ND4L 0
NDS5 0
ND6 0.001
SRAL PR £ 1 I R B ATPS 0.023
Intensification White-blooded Antarctic fish ND2 0.002
ND5 0.002
ND6 0.042
Wit ATPS 0.004
Tropical fish CcoxXl1 0.049
Cox2 0
COX3 0
CYTB 0.003
NDI 0
ND2 0
ND3 0
ND4 0
ND4L 0
ND5 0

s 3 DL =R B AR IS, 53 PR R A D 1 SR SCHEAT TR PR A DN, 45 R b BT B3 (P < 0.05) I #8 7

Note: Three species of fish were used as test branches, and the other two species of fish were used as background branches for RE-

LAX detection, with significant (P < 0.05) results
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ARy fh, HLGE 13 AN Zobr Ak o AT 35 R B0 23 B 11 &5
BRI ((E 4). SIEFER, % H 3D 45#
) TH0I 2 1 22 25 M s O 55 988 7 A SR B BE AL
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— R W T L0 R B 052 BT SO PR IR B R
EH .

B SR UL, BT AL 2 AR A AV E s A B R 1)
2T 1M1 B A, L 2 b Ak R R 20 52 31 T JRORA R i B 1)
PERY s 71 25 2% T ML 41 2 A 1 1 I R A, G 2R R
5 R 4H 52 B 3 38 0 N as A I Al Ab ik K
(M R EIR, IR 2 S TR, B2 3
1 3% 5 e 7 5 A TRV S0 BR 85 h B) FAGHY #8158 S A
Lo T =K RGLKENE ), A Ik
AT H E R FA A 9 nT AR T 30T 4708 Hi
R, I d 5] & 7 gk ik 3 9 41 ) 5k v
N REAL

IR T

31 HEW S S 5L X

20 Fh i 2 H 4. 2% (Perciformes fishes) 4% &Il 43 A4 3
ERN SN (INEAE SR IR SN Y W& e e S S 1R 2]
W f1 4 6 Ff : Champsocephalus gunnari(NC 0183 -
40.1), Chaenocephalus aceratus(NC_015654.1), Chae-
nodraco wilsoni(NC_039158.1), Chionodraco hamatus
(NC _029737.1), Chionodraco myersi(NC_010689.1),
Chionodraco rastrospinosus(NC_039543.1) ; £ Ifil F5 #%
4.5 5 B : Pagothenia borchgrevinkiiNC 030320.1),
charcotiiINC_026578.1),
gramma antarcticaNC_015652.1), Notothenia cori-
iceps(NC_015653.1), Dissostichus eleginoides(NC __
018135.1); # 77 1 25 9 B : Triso dermopterus(NC _
022140.1), Epinephelus septemfasciatus(NC_013829),
Epinephelus  epistictus(NC_021462.1), Epinephelus
awoara(NC_018773.1), stictus(NC _
021133.1), Epinephelus bleekeri(NC 022848.1), Epi-

Parachaenichthys Pleura-

Epinephelus

nephelus bruneus(NC_013820.1), Epinephelus latifas-
ciatus(NC_020784.1), Epinephelus trimaculatus(NC _
021612.1). Hrr, [l Fg ) 0y 2k 40 8 1)
W fa, 5 21 1 74 A% 4. [F] J& Notothenioidei Y. H » iX 4%
VIRl 4y 2545 B R JE T FISHBASE (https:/www.
fishbase.in/search.php), 2& ¥ {4 5 [K 41 1) 2 5145 5 1
K UE T NCBI 4 & . B J5 , A BF 90 {8 FH Mega 7
(Kumar et al., 2016)#2 /7 ) MUSCLE(Edgar, 2004) Lt
X 77 1 FL AR AR L R P 51 HEAT EE 46 LA A&
iE.

325 Fi s

T VA = 28 R 13 AN g 2 ] 57 21 1) i
PR 71 25, AW 5 E T PAMLA4.8(Yang, 2007)
) CODEML #2 7 , 7 H PA H H kb 22 158 & (free-ratio
model) X 13 ™% 5 55 D] 3% 492 1 1) 4 K 2 R A g —
A G b B DR S 3R AT 1 3& B A A AT . it A
UL T Mega 7(Kumar et al., 2016)F2 7, LA 134>
O R 5 IR 32 2 1 1) A A R R 9 R A, M T X )
&R AR ) R 5K & (B 1). @ik CODEML
T8 FE B9 3 S A5 7 (branch model) 38 7% (4 IfiL B B #4141
I A AR A DL R AT f X = 2t 2 [A) AL R ) 2 5
PE, HAE R — > 9 S R Sy SRAF 0 B2 A0 ) = ) S
B e 2 (dy) ~ [7) SO e 28 (dg) L R AL 28 (do /) T H
8.

WA, AHIE 5838 53 70 4 4 — S AR Yl 53, 3
17X 57 5 B Y (branch-site model) £ 36 , I8 i A
T (R 5 3 B A s b T IRk ) 5 BRI (1 5t
AL S AL T Al A I R, BT S S B AL S A T
PR ) AT LU, il I B A 5 e R B 2 1A LR
L 4 56 (likelihood ratio test, LRT) 2K HE 0 3 26 47 i &
BB EIEBEIE .

3.3 Mk IR E S

RELAX F£ J¥ (Wertheim et al., 2015) 7 1 #% 1 T
For Wl %5 Y 1~ 2R 8 K HE 2R vh AL TR B TRORA M A 3 1
Bh RELAX 1) 7F 28 ]k 45 %% (https://www. datamonkey.
org/RELAX) Kl 1 £ KL 1A 13 A3k [A] 52 21 TEORA 1 32k
FERIME DL o ASHIT 5870 )R 1 0L e AR #2201 R A
DA B eyt = 2R AR D9 A 55, LI SRIR LI £ 73
SCRBE T RS BB E R R Ty . A R K
ERT 1, Wz A 5 302 3 1 1k 35 K 70 9 Ak
L AR ) KA /N T 1, W R IR AR 5502 3 1 i
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BT B Rk 13 A i L DR (1) 7 1 Ll X 45 21, A
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S HAERER L SR N . BEJ5 PROVEAN #£ /7
(Choi et al., 2012) 4% F T X ix &8 2 25 PE A7 i HEAT 4G
W, DAVPAh 22 55 R 5 e 88 L R D Re A s o 2R
T ) 43 A K T-2.5, WA N s B R B 4 0t i
FEA RS, JE T R AR i R E N T 2.5, WA
XM EERG )R THHFRE.

3.5 Z T

B T & A Ji K 41, Swiss-Model(Biasini et al.,
2014) 0] DAXT H 0T 45 48 1047 [ g A5, I Fi00) H 2
FUTR ) =458 . B S , DL PyMOL X JI0M f = 4 45
AT B, o I B A bRl AR R R R 2
AV FRAWAL A, IF M EX LA fUE 5 E i
H R 73 AT 1O

(=R

WY FH 5 2 AR WF 7 1) S5 B 18 TR S SR B 78 PR R AT
N 5 W B A 5 KA 20 BT 5 1 SO 5 A
25 LR vt LI EE BT K AR THZRIUH K
SE- USSR = a4 BN E T TN o SR (B
gt AR # 5 I F B m AR SOR
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