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FAXT R, A 28.4%; 5 T A R B
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Tab. 1 Information of COIl genes of 43 Channichthyidae and Nototheniidae species
2 No. %ﬁ’ J& % L GenBank T??'J%
species genus number GenBank accession no.
Gpl Mt #7555 vk £2. Chionodraco hamatus % yk i J& Chionodraco 2 MG729458~M G729459
Gp2 Je W8S vk 4 Chionodraco myersi Eykfa )& Chionodraco 2 HQ712914~HQ712915
Gp3 Sk vk 1 Chaenocephalus aceratus 3k K Chaenocephalus 3 EU326330~EU326332
Gp4 Ja FS vk £2. Chaenodraco wilsoni Mkvkfa )& Chaenodraco 3 M G729452~MG729454
Gp5 SB[ 3L vk fL Champsocephal us gunnari #23% vk i1 J& Champsocephalus 3 JIN640600~IN640602
Gp6 il £ vk £ Channichthys rhinoceratus vKfa g Channichthys 3 IN640610~IN640612
Gp7 LK Chionobathyscus dewitti LK) Chionobathyscus 3 IN640815~IN640817
Gp8 # vk fa Dacodraco hunteri B pk f4 & Dacodraco 2 HQ712960~HQ712961
Gp9 FHHT 8l vk e Neopagetopsisionah BTl VK % Neopagetopsis 1 MG729450
Gpl0 =LKk Pagetopsis maculatus vk k@ Pagetopsis 3 HQ713121~HQ713123
Gpll K&y Pagetopsis macropterus vk i /% Pagetopsis 2 MG729467~M G729468
Gpl2  EFFIA Ik Pseudochaenichthys georgianus 7K )& Pseudochaenichthys 2 EU326419~EU326420
Gpl3  Etk/N S fa Cryodraco antarcticus JNHE 40 )% Cryodraco 3 M G729464~MG729466
Gpl4 i/l 4 Cryodraco atkinsoni /N4 44 J& Cryodraco 3 JIN640874~IN640876
Gpls  # R Aethotaxis mitopteryx I B Aethotaxis 3 JIN640756~IN640758
Gplé  iHFEHL i Cryothenia amphitreta FEW 1)@ Cryothenia 1 JQ063170
Gpl7  BEZ&JFEH fa Cryothenia peninsulae FEM A1 JF Cryothenia 1 EU326339
Gpl8  /NA R UiEiHh fi Dissostichus eleginoides KA withk fi )& Dissostichus 2 IN640622~IN640623
Gpl9  BL[LRFEGHi fi Dissostichus mawsoni R F Fth fa )& Dissostichus 1 MG729451
Gp20 Il X i) 5 H% f2 Gobionotothen marionensis  fifi 5 1% 1 j& Gobionotothen 2 K P745352~K P745353
Gp21  LWyfifi gtk f4 Gobionotothen acuta fif) 7 #% £ J& Gobionotothen 2 IN640643~IN640644
Gp22  fifFg 1% 1 Gobionotothen gibberifrons fif) 5 H% #1 J& Gobionotothen 1 MG729463
Gp23 3k R Rtk fi Lepidonotothen larseni e T A% £2 ) Lepidonotothen 4 MG729472~MG729475
Gp24 KR fa Lepidonotothen mizops e F A £2 ) Lepidonotothen 2 IN640669~IN640670
Gp25  HEEHERIH i Lepidonotothen nudifrons T £2)% Lepidonotothen 2 EU326359~EU326360
Gp26  Kig#fEFg P £ Lepidonotothen squamifrons I # f4 )& Lepidonotothen 2 IN640672~IN640673
Gp27  Hp itk fa Notothenia coriiceps Rt 4 )& Notothenia 3 MG729469~M G729471
Gp28  1ES(Rith fa Notothenia rossii Ft )& Notothenia 3 EU326392~EU326394
Gp29 K vk Pagothenia borchgrevinki R vk i % Pagothenia 3 GU997397~GU997399
Gp30  Hi vt % BRI ik fi Paranotothenia magellanica | 5 % & Paranotothenia 1 KF412868
Gp3l X KEgEHEs it Patagonotothen guntheri R 2EH M 118 Patagonotothen 1 EU326412
Gp32 kg It 1 Patagonotothen squamiceps iRk faJ8 Patagonotothen 1 KF412871
Gp33  RiWIRI LRI 1 Patagonotothen tessellata TS5 I £ J§ Patagonotothen 3 EU074536~EU074538
Gp34 i [KE R fi Patagonotothen ramsayi M5 i)/ Patagonotothen 2 EU074530, EU074533
Gp35  MSCEEH A Pleuragramma antarcticum St & Pleuragramma 3 MG729455~M G729457
Gp36  fAKJEFLEG K fi1 Trematomus bernacchii JAFLFItR )& Trematomus 5 MG729476~M G729480
Gp37  JEIJA fLHEIH 1 Trematomus nicolai JAFLFItR A 8 Trematomus 3 MG729483~M G729485
Gp38 I IK/FFLEII fi Trematomus hansoni Ji FLRI M fa )8 Trematomus 1 MG729481
Gp39  4IK/EfLEI fi Trematomus newnesi Ji FLFI M fa )8 Trematomus 1 MG729482
Gp40  EM)H fLHE % 4 Trematomus eulepidotus J& fLEI 1 f4 )8 Trematomus 3 M G729460~M G729462
Gp4l  #IKJAFLEE K A Trematomus pennellii JAfLEE ki JE Trematomus 2 HQ713271~HQ713272
Gp42  Hri%JE fLES K f Trematomus scotti JAfLEE ki JE Trematomus 2 HQ713281~HQ713282
FEIR 2

Gp43

JH FLFI H% 14 Trematomus tokar evi

JE FLEI i fa )@ Trematomus

HQ713352~HQ713353
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206 1~(38.21%), Ffi i 153 1~(74.27%), Hi
el 54 53 1N(25.73%) ., i TSR A 3
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P B JE S 3 W T s 4 2, 4391 904~ F1 20
Ao B KA EE A R0 A 5 — RS = A
B F  5 AR LE A 0 9.94 F 4.43, KT
2.0, DAS S5 7S S 45 ) B A e s 58 A0 %
it 58 LR 0.02, /NT 2.0, imflAs Ry
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Tab.2 Averagenucleotide frequencies of COI partial sequences
of 43 species in Channichthyidae and Nototheniidae %

X X . T FITY T
B SR " " % N
base frequency 5 L0 2 55 3
19 site of codon 2 site of codon 3 site of codon

T 319 20.3 43.0 33.0

C 27.6 23.1 29.0 30.6

A 22.2 28.4 15.0 23.0

G 18.3 28.2 13.0 13.4

®3 kBN MERER 43#E 97 MIFR
COI B FHEERFRHELZIER
Tab.3 Sequencesvariation of COl gene of 43 speciesin
Channichthyidae and Nototheniidae

T 5/
BTG BRI % % ;ﬁ
codon site variation site conversion transversion 'J‘_
R=si/sv
2 15 1% site 27 90.86 9.14 9.94
95 2 {1 2" site 9 1.74 98.26 0.02
o5 3474 39site 170 81.59 18.41 4.43
LA 5 all sites 206 73.61 26.39 2.79

22 FhEERMAKNEEES
fii H MEGAS.1, T Kimura-2-parameter i}
BRI H PR 43 FhA A Ry AR E] 35

TEEE B, W3R 4 W, 39 FhEE ML a7 H
WAL BSOS R 0.002, Fih(a] 5 1% BE B - P {E
Sy 0.157, Fffalst G B 2R 79 %, FKHH
DNA SIERSXT 39 Foft gl £a B iz K £ B 16,288 J2
T A
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Tab.4 Summary of genetic divergences (K2P)
within various taxonomic levels

L RN okt psp PEE
coverage minimum maximum average deviation
FlN species 0 0.0075 0.0023 0.01982
[FJEFhE among 0.0310  0.2330 0.1567 0.05611
species within genus
F#H&E A among 0.0260 0.0914 0.0654 0.02495

genera within family

£ K £0 R b ] 35 1% FE 2 e R 119 02 38 FG A 3k vk
2 8O K, S 0.111; L HE B fe /N 2
WIS Tl £ R0 5 it /NS s 6, ol 0.002; T 1)
fi pk e Rk 28 (4 A N a8 A% BE B 121/ T 0.020, R A
i A ) 38t £ B 5 o A P 2 R i A £ R A £
MR, Ol 0.239; 5% HE B /N Y 2 AT ma AR R
BEACFEM 11, [N 0.009, Rl (Rl Fh P B4 1
/N 0.020, ML, vk Rl fh a2k
Z AR R B N, FE R A A 2k 2 gL
iS22
23 EKkBRNNERENSEESTFRESER

Kb ma A £0 . H PR 22 & 43 Rl 25y 97 4
COIl -7k NI B, #4171 1000 Ik H J& 453
TR, SR 1R BN RGEMORE, B
B AN T £ R 8 i /Ny Fs fa o, AR i A 2k
B BB T ST (0 43 3, EUA B 1T R,
H5BES%5 L —3, ##F—BIEHEIE CO | BR
DLW Fh e iE AR AT AT . NI SR BoR, B
et R RS oK R PSR, 1P FE Rl f
LAY X LR FEW AR, (BES TR EER
JAFLEE M fa R S R vk R R o — 3, HoAth s
NER I — L H SRR

3 i

Ward 2125547 7 207 Fta 24y CO | B HF
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68fA /B fLra £ Trematomus bernacchii MG729476
1A KRB FLEHR A Trematomus bernacchii MG729478
87 {H B FL M A Trematomus bernacchii MGT29477
100114 [CJE FLRG R A Trematomus bernacchii MGT29480
1A B LB Trematomus bernacchii MG729479
100 I:ﬂE? KR FLEIM A1 Trematomus pennellii HQ713271
% KB LB Trematomus pennellii HQ713272
FLIRE FLER AL Trematomus tokarevi HQ713352
100 [ KB FLE M A Trematomus tokarevi HQ713353
EBE LR 4 Trematomus eulepidotus MG729460
100\ E B8R FLEgMR & Trematomus eulepidotus MG729461
86/ ELIgE /F FLRG R f1. Trematomus eulepidotus MG729462
—— WA FERR B Cryothenia amphitreta JQ063170
e KB LB Trematomus nicolai MG729485
41()0'?@ KJEFLEIM A Trematomus nicolai MG729483
66L 8 (/B fLRgR £ Trematomus nicolai MG729484
WG FLER £ Trematomus hansoni MG729481
A LW A Trematomus newnesi MG729482
44 PRIk Pagothenia borchgrevinki GU997399
4100[{1@55?@%% Pagothenia borchgrevinki GU997397
611 KR Uk Pagothenia borchgrevinki GU997398
T IR LB & Trematomus scotti HQ713281
1001407 ECJE FLEG R #4. Trematomus scotti HQ713282
100 68 I B £ Fg R f4 Patagonotothen tessellata EU074536

24

26

55

84\ 45 I RE £ Btk £ Patagonotothen tessellata EU074537
94 LWy e £ R # Patagonotothen tessellata EU074538
100| “WIEKFgSERaR £ Patagonotothen guntheri EU326412
84 PRI SERIMR A Patagonotothen ramsayi EU074530
83| PLEKRIE R £ Patagonotothen ramsayi EU074533
8L A LRI A Patagonotothen squamiceps KF412871
KIGEHERIIR 4. Lepidonotothen squamifrons IN640672
” KRG M Lepidonotothen squamifrons IN640673
Bk R T Bt AL Lepidonotothen larseni MG729474
36 100|853k R F Bkt Lepidonotothen larseni MGT29475
1%L R TR Lepidonotothen larseni MG729473
843k R FBGMAL Lepidonotothen larseni MGT29472
96 99, KHERGAR £ Lepidonotothen mizops IN640669
IRFERIMR AR Lepidonotothen mizops IN640670
R HERIR A Lepidonotothen nudifrons EU326359

100 B HER e £ Lepidonotothen nudifrons EU326360
17 2 B R f Paranotothenia magellanica KF412868

91, E R B Notothenia coriiceps MG729470

100

99

73

18

100 1001 #5 ¥ B4l £ Notothenia coriiceps MGT29471

H PRI Notothenia coriiceps MG729469

85 TELSEE# £ Notothenia rossii EU326392

100 SRR 1 Notothenia rossii EU326393
£ R £ Notothenia rossii EU326394

64 (A EMIE Aethotaxis mitopteryx IN640756
79[\ A FIMR I Aethotaxis mitopteryx IN640757

100| \5EE4K % Aethotaxis mitopteryx JN640758
PELFEM 8 Cryothenia peninsulae EU326339

TR R F Bt Dissostichus mawsoni MG729451
100 INF R Y RIMR A Dissostichus eleginoides IN640622

100 UNF R A5 BIMR 4 Dissostichus eleginoides IN640623

72 - MSEE R . Pleuragramma antarcticum MG729455
100 [LM£r B4k 4. Pleuragramma antarcticum MG729456

38

Lfﬂﬂé‘(ﬁ*&ﬁ Pleuragramma antarcticum MG729457
——RIRGHR £ Gobionotothen gibberifrons MG729463

941 I, L B B AR £ Gobionotothen marionensis KP745352
I, B 1B % U g A £ Gobionotothen marionensis KP745353
100| [ZRYIfHRGH L Gobionotothen acuta IN640643
94L Wy ftiEa i £ Gobionotothen acuta IN640644

99

(4% to be continued)
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100

80

100

9

o

100

92

(£ 1 Fig.1 continued)

74 B KL vk Champsocephalus gunnari IN640601
100[158 Fe#Z 3k ¥k 8 Champsocephalus gunnari IN640602
B EEL VK Champsocephalus gunnari IN640600
=B IKNE Pagetopsis maculatus HQ713122
Z=EAUVKEE Pagetopsis maculatus HQ713123
9| 'mEEUUKEE Pagetopsis maculatus HQ713121
KEELI KR Pagetopsis macropterus MG729467
26 W'j:ﬁé?mk% Pagetopsis macropterus MG729468
FIRHT VK Neopagetopsis ionah MG729450

71 89 P TR IR vk £ Pseudochaenichthys georgianus EU326419
100'Bg IR WA VK Pseudochaenichthys georgianus EU326420

?iﬂ(ﬁ Dacodraco hunteri HQ712960
100L # 9K 1 Dacodraco hunteri HQ712961
100 f4 5 vk Chionodraco hamatus MG729458
70 33 i E VK Chionodraco hamatus MG729459
E)i"%gﬁkﬁ Chionodraco myersi HQ712914
9L MEE YK £ Chionodraco myersi HQ712915
Sk yk$a Chaenocephalus aceratus EU326330
Sk ykta Chaenocephalus aceratus EU326331
sk vk £ Chaenocephalus aceratus EU326332
BURBYK L Chaenodraco wilsoni MG729455
11 SR ECHRVK A Chaenodraco wilsoni MG729457
g SR VK 5. Chaenodraco wilsoni MG729456
MiffivKEa Channichthys rhinoceratus IN640611
19] 100 M YKEs Channichthys rhinoceratus IN640612
A VKL Channichthys rhinoceratus IN640610
97, B VK Chionobathyscus dewitti IN640815
42| 99| 'Jykik Chionobathyscus dewitti IN640817
EYK# Chionobathyscus dewitti IN640816
63 BRIV IS4 Cryodraco antarcticus MG729465
BtR/INH S Cryodraco antarcticus MG729466
Z Wi/ NS4 Cryodraco atkinsoni IN640875
BT/ NI Cryodraco atkinsoni IN640876
67531 /NS48 Cryodraco atkinsoni IN640874
FR/ IS8 Cryodraco antarcticus MG729464
Z A Notolepis coatsi MGT742212
100

% TS84 Notolepis coatsi MG742213

—_
0.02

B1 NIEA A B oK o R e A R R e
5 FHCF R 1000 YCE A1 bootstrap Bt o3 AT H SRR, AR RARRBHE IR 2 S0 0.02/7 JT 4.
Fig. 1 NJtreeresulting from analysis of COIl gene data of 43 Channichthyidae and Nototheniidae species
Bootstrap value in 1000 replications are shown on branches. The scale represents the genetic distance of 0.02/million years.

5, AT 3 & ik T GC ¥y & i, Horp 143 Fi
B COl JFFIE 1 %511 GC V35 S ix
w5, JFHEE 3 Wi T GC &, @)mfa
ISR COl JEHFFI RIS 1 #5175 GC
R EEENRLE 4 Fh a2 324t g, [RIAE
955 3 BT GC &bt Rk, Moy &%
PG fRHa S K CO | BRIE T 514 2 5T GC
TERE, 8 3T GC FaEimfl. AR,
43 Mgl 97 K A+T(54.1%) B i m T
G+C(45.9%), & 1% 5T GC & = i /= T46 2

FI% 3B 1 (42.0%7F1 44.0%), 55 1 %511 GC
S (51.3%), X5 Ward 252 s ) )
(R BIF 5 45 SR — BT 43 P g A £ 1) 26 247 25 0 7 1Y)
GC S ERMt, 5 LR RTA 25, Xz
SR AR AARIRE G, AR T —AH5E
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Abstract: The Southern Ocean accounts for 10% of the world's oceans, but has a relatively low species richness.
Some areas have been subject to commercial fishing, and the species compositions and population structures have
been underestimated. As a promising tool, DNA barcoding has advanced to aid species identification and discovery.
Even for experts, despite extensive taxonomic studies, the identification of fishes can be problematic for many
reasons. In the present study, 43 Antarctic fish species were identified and analyzed using DNA barcoding, and the
data obtained was examined. We collected and morphologically identified specimens from the Southern Ocean
during 2013 and 2016. In total, 97 individuals from 43 species pertaining to 22 genera of Notothenioidei and
Channichthyidae were barcoded using the COI gene, sequenced, and compared with that of other species recorded
in GenBank and the Barcode of Life Data System (BOLD). Our results indicated that the mean T, G, A, and C
contents were 31.9%, 18.3%, 22.2%, and 27.6%, the GC content of codon position 1 averaged 51.3%, that of posi-
tion 3 averaged 44.0%, and that of position 2 averaged 42.0%. Therefore, the COI sequences of Antarctic fishes
were obviously base biased. The average value of transition/transversion ratios was 2.79. Using the Ki-
mera-2-parameter model, the mean genetic distance among pairwise species (0.157) was calculated as 79 times
higher than that within species (0.002). From the phylogenetic tree, 41 species, except Cryodraco antarcticus and
Cryodraco atkinsoni, were clustered, which suggested that COI barcoding could effectively be used to identify the
remaining 41 species. But, COI barcoding provided limited phylogenetic resolution of C. antarcticus and C. at-
kinsoni, since they shared COI haplotypes. The similarity in results indicated that we should develop multigene
barcode technology to overcome the deficiency of the single COI gene sequence. For the two species, C. antarc-
ticus and C. atkinsoni, that were difficult to distinguish using DNA barcoding, we need more samples to analyze
their phylogenetic relationships, including morphological, cytological, and molecular evolution. Although this
study compared the results with that of other studies, we found that different methods and sampling could lead to
different results. To determine more comprehensive phylogenetic relationships of fishes, we need to analyze a va-
riety of methods together to form more consistent results. During the course of the study, we found that for some
sister species or recently differentiated subspecies, COI barcoding mostly can not be separated, and mitochondrial
and nuclear genes should be analyzed together.
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