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0.065~0.306, HSFEXI{E N 0.186; TiFh N ABIE BN 0~0.071, HAEYIME Jy 0.017, FXHh ] BE B 2 Fh N BE 85 10 11
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(Malacostraca) . ELHF &L H (Eucarida), J&—288 K
RIS s . B H R 2
Bl B w5 1F Bl (Bentheuphausiidae) 1 % #F £}
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RS, IR CURME AT RS 5 200 A B, 4l
P ra e iR ] At o B R S RO R TRl
58, XEHF ST FE AR T ER AT 2K T/
8 E A Bt ey T T 1D o 724 N0
TG 2 R RGBS JAR >, R, &%t
HoT R2G o)y mIF ST, B0 S [ i iF
TR ZR, A LLJE Wi R B 5 19 T & ) FH RO DR A 3
AL ILR

B AR 1 ST A5 AR, AN 5 it o L 2L A
()53 A, i 5 R 2 RAAR 5 A1 285 (4 AR AR
T 8 ) W7 L 5 % 56 2R 8 T ASMERf, A1 Bl
ST YA R IX A . RRIR DNA 75
25, RHELRR Ccol RWF, IRtk
K RAHEA IR R T H, w7 LR IE S A IR Fh
KPR RT S AR ARSI E T R
WEAR 29 MM COT A BEF 31, 1454 GenBank
BRI PG I BRER YRR COL R, LIBEEFH
11 J& 50 Fh i) 285 A BEER A8 X5, Xt H 2ok 4
COI TN T 175081, MRS L E W,
WITH MM Z N RGEEE KRR, U EEIEH
HEYIABAIEGE . BEER TR IR R 2E T R AR R
PSR

1 RS

1.1 SEIeHFR

AW 29 DR BRI EASY 2013 4F
6 AR HmM 48.2 iE[X.(60.27°S, 46.35°W), FEA
FEWE IR SG, S RIUKRIRAE, 12 PS40 = 5 fift
FET-80°CUKARTEH . HABBEIR AR COL B
J#5) T # H GenBank %45 % .
1.2 DNA {2E

G2 4 DNA HREGAH &
Atmr, RABAEBEA PR w)) P HCRE B i AR AL
R DNA, HAREAEL TR B SR 5 29 30 mg
T 2.0 mL B0, A 200 uL GA Buffer J&
20 uL ARG K, RS ET 56 ClEEKFH
HENL5ELZ4#; A 200 uL GB Buffer, 74>
HifEVR 4], 70°CHCE 10 min, 2R E S, A
200 pL Jo/K COBE, FEorEENRS), B0 IR B
W S AR A8 A CB3 WL FfHAE v, 5.0 LR Uk

W, 18] CB3 M kA in A 500 L GD Buffer, 5.0
FBRUEW; 7 CB3 WA 600 uL PW VR,
B0 RBRE A A T, R ORI
YE; sl CB3 MEFftA:rPmA 100 uL TE &,
13 E B DNA B, 4 COAF & o
1.3 COl EEFRESIMARSY ¥

BEHF COI 5[ ¥ 2 M GenBank "1 g H g TR £ b7
K9 (5 55 EU583500)" 241, 51HF5 R
IEE 514 LXCF: 5'-CAG GTA GTT TAA TTG
GAG ATG AC-3', Ia5|#) LXCR: 5'-AAT GTT
GGT AGA GAA TAG GGT CA-3' (H itk T4
). PCR RN 25 L, 46 10xPCR
buffer 2.5 pL, dNTP 2 pL (2.5 mmol/L), [ Fii#5]
Y45 1 uL (10 mmol/L), Taq DNA & 0.4 uL
(2.5 U/uL), it DNA 100 ng, fiIXLZE/K & sk
25 uL. FESHFE PTC200 PCR 1Y (3% Bio-Rad) I
PEATH HE . CO T ¥ 14 [ 1 254 94°C TiAEHE 5 min;
94°C 455,50°C 455, 72°C 1 min, 35 MEH; &5
72°CHEM 5 min, FEYIHL 4°C VKA RATAS o
1.4 COlI EEFINEMFFITH

PCR P 1.5%B R BESERS LUK S, ZRBEIE
BUR RGN . =G5 2 DB AE
Yy AR A IR A A7 4k 5 7 ABI PRISM™
3730XL DNA Analyzer U7X _EEFFI, LA
W& M m 514 LXCF, LXCR ERillF5]
YA L I P

J TR RE A LR B H I RE L F L
R, B AR Y R RBE IR COT P31 5 M
GenBank ¥4 % T & 09 HA B AR FH A9 COT J7 911 25
BN, BEARIFI R LR . PSSP ISR
FMRAFEME 1 PR,
1.5 HEHH

2y R PR VLG, KT )P 84 NCBI
B e 4T BLAST [RIUEAS I IN, 558 i
Clustal X 1.83" % 8 17 4 B HEE A IE . 2R
F DnaSP 5.1 B FESIMmIE SR 28
LB (V). TG BASE(P) . G 2R
(Ho) . BHRZHME(nFS4 FIH MEGA 5.1
B4 S TR 0 A, IR AR
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Tab. 1

Information of COI genes of 50 Euphausiid species

J& genus

2 species

J¥%1%% number of sequence

J751% %5 GenBank accession number

RIEWE IR 8 Bentheuphausia
WiiF 8 Euphausia

KWUFJE Meganyctiphanes

Wi IR B Nematobrachion

2k W IF B Nematoscelis

WIS IRE  Nyctiphanes

W R @ Pseudeuphausia

FHEUFJE Stylocheiron

Bentheuphausia amblyops
Euphausia crystallorophias
Euphausia lucens
Euphausia pacifica
Euphausia superba

Euphausia mutica
Euphausia krohni
Euphausia longirostris
Euphausia vallentini
Euphausia tricantha
Euphausia similis
Euphausia sibogae
Euphausia diomedeae
Euphausia sanzoi
Euphausia lamelligera
Euphausia gibboides
Euphausia eximia
Euphausia distinguenda
Euphausia brevis
Euphausia americana
Euphausia recurva

Meganyctiphanes norvegica

Nematobrachion sexspinosum
Nematobrachion flexipes
Nematoscelis tenella
Nematoscelis microps
Nematoscelis gracilis
Nematoscelis atlantica
Nematoscelis megal ops
Nematoscelis difficilis
Nyctiphanes australis
Nyctiphanes simplex

Pseudeuphausia sinica

Pseudeuphausia latifrons

Stylocheiron affine

Stylocheiron abbreviatum
Stylocheiron maximum
Stylocheiron suhmii
Stylocheiron elongatum
Stylocheiron carinatum

Stylocheiron longicorne

2
21
9
3
58

20

11

W N

EF467302, GU183771

KT586595-KT586614, AF177183
GQ890508-GQ890515, AF177185
AF177184, HQ700929, EF595678

AW 29 1, GQ305872-GQ305876,
GQ305878-GQ305901
KT8648764/5/6, EF467304, AY601085

AY601083

AF177189

GQ890506/7, AF177188
AF177187

AF177186

KT864862/4, EF467305
KT864866-KT864871, FJ409646
KU752552-KU752556
AY601084

AY601081

AY601080

AY601079

AY601078

AY601076
GQ890503/4/5

FJ581747-FI581756, AF177191, AY601091,
KT208867, KT208832, KT208792, KT208489
GU183772

AY 047602

AY601090

AY601089

AY601088

GU183773/4, AY601087
AY047603, KT952483
AY047601

AF177190, DQ889163
AY601092

AY754819, AY947483-AY 947494, KF977317—
KF977323

KF977313-KF977316

KT864843-KT864849,
KT864851/2/3, AF371984

KT864854-KT864858, EF467301, GU183775
AY601093

AF371985, GU183779

AF371986, GU183778

GU183776/7, AF371987

AF371988

(f¥%% to be continued)
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J& genus & species J¥51%0 number of sequence  J¥FIEE S GenBank accession number

KR & Tessarabrachion  Tessarabrachion oculatum

HIEBEUR S Thysanoessa Thysanoessa inermis
Thysanoessa longipes
Thysanoessa raschii
Thysanoessa |ongicaudata
Thysanoessa spinifera
PEEEUR R Thysanopoda Thysanopoda orientalis
Thysanopoda aequalis

Thysanopoda obtusifrons

1 DQ003707

30 KM653456/57/59/60/74/77/83/84/86/89/90/96
/97/98, KM653504/10/17/18/20/24/28/36/55/
58/60, KP241402/20/31/74/86

4 KM653052/3, EF595679, AY601094
30 KFO011114-KF011143
KT952487
EF595681, DQ003710
FJ409647, DQ003708
AY601095, GU183780
GU183782/3, AY601097

W N =

A NS FOR B (K-2-P) T A BEAR A N . Fp
6] B J@ . TR] A ast A% B R, 43 Ji) SR QR 4 vk
(neighbor-joining, NJ) , #% K ALLSK 1k (maximum like-
lihood, ML) . #x K & £ {% (maximum parsimony,
MP) & 5 FFE B i) UPGMA ¥ (unweighted pair-
group method with arithmetic means)It 4 Ffi 7 44
R RGE VLR, bootstrap E AR EALH HE K
0l 1000 K o

2 HRENH

2.1 BEENE CcOol EEFFFI4HE

Z PCRY MEFHFM)T )5, RAG T 29 4> ra B i dF
FEAR Y COL 73751, ¥ 1K 2 650 bp.
I BI04 29 A4~ e BB R COIT 81 5 A GenBank
B B R 50 FhBEERAY COT 8 HEA T 4 #,
LT RN T IE G, &R T IE
FEHIR/NA 519 bp, il 173 NEIERR . FHIHY
SR ELLH BN A 27.58% . T 35.47% . C 18.07% .
G 18.88%, THiAL A+T(63.05%) & =M B & T G+C
(36.95%) (3 2), ERILMREM TN 1. 2. 311
AR T, AR 1 BIEE 3 AL AT &
BRI, 0 3 BT AT SRR, HEEk
3| 84.14%, FILH A WA T SREE M 40 o 7EFF
5 1, % COl B B rh AN AR5 55 R 261
A, BRI 258 4, Hrh AR KA 26 4,
I 2fE B 232 A4S, Toil A BB R A, 2
Syl i B A L 7E S 285 S ARG I B 197
SR BT AR 0.9917, R ZHENE
9 0.1513,

F 2 50 MEEETAY COl EE I FFIM
B FEEFEH S
Tab.2 Average nucleotide distribution of COI gene
partial sequence in the 50 Euphausiacea species
%

W i T 1AL T 2 AR T 3 LA

base  total the first base the second the third base
of codon base of codon of condon

T 3547 20.99 44.49 40.94

C 18.07 18.38 25.92 9.92

A 2758 27.82 11.72 43.20

G 18.88 32.82 17.87 5.94
A+T 63.05 48.81 56.21 84.14
C+G 36.95 51.19 43.79 15.86

22 WEENERIE KRR EAESR

T Kimura-2-parameter ¥ T 50 FfgidF
ofr oA R (1) 35 1 B 5 (ol 008 e RO, FEAS S
AT o £ BEUR A B R 35 1% 1R 2 TS 7E 0.065~
0.306, HOEYIME R 0.186, Fh Py s f4 1E 2 3 Fl 78
0~0.071, HFHI{E R 0.017, WEEIKKTF- &, #
WP IR]RE RS 20 R N BE RS 1Y 11 4%, LR B
KB #EEFFR A B, amblyops il E. lamelligera, i#tf%
FEES R 0.306, wif& I /N E. sibogae Fl E.
distinguenda, HfEHEES K 0.065, AN, KT B #E
Ty b, LU B0 N 5 i ] 3 A B B 1Y) 22 5, XPREAS 2L
B2 W ARF SN LA 4B, AT 6 FPEEARAY
il B A IE] B s AL FE RS (3R 3)0 MEESRORF, 6 Fh
BEUF Y7 X b )52 125 Ry 0.169~0.206, “F-H4{H
4 0.187, HA& A RPN BLIE R 0.002~ 0.011,
SEHA(E A 0.008 o I ] 5 Py s 4% 1 25 LU (B A
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15.8~91.8, 6 FhBER %A (] 5 Fh P it A4 1E 28 2 L
IKE] 23.4 £ P BEERFP IR AGE R 0.011, 5
HoAth 49 FhBEIR PP ]2 AL 2R 0.194, Fh
R 2 A N BE B0 17.6 £, &4 REW, KT
COT F& K ¥ 51 [11] fr) 22 5 BE A AR 1y iy X S ] gl e e
AT XAy

XA H 11 TSR0 & (0] 3 & N AL i 2
BT T o0, SERINE 4 R, TR IR E |
TR 8 S A BB I I 4R R A& — A, BN
BB AN AT A, Hofl 8 JE YR PN st AL I A
0.010~0.163, FHI{E K 0.092, 11 J& i) ] 35t 4% FE
BITE0.113~0.247, “FH{H 4 0.180, J&E MBS 20
JRNEEE A 1.96 5, 25 R E ., Z5REW, X
Wi COl P I A RE X /&R IR, %7
GIASIE A E R i U i 18] 22 53 20 B A AR 35
23 BITEHRGZLAESH

RIGHEAF CO1 FE R F BUF 51, I+ 2 H Ay

[ % iiF (Fenneropenaeus  chinensis) FI#E IR H 1)
¥ W B R (Neomysis awatschensis)fE g #MEE, 4351l
K ABHEE(NT) . KSR (ML) . s K IR 2075
(MP) S AR JIAN 2 - 3575 (UPGMA) i g i i H 2 B
11 J& 50 FPifirry o FRERKER . B TAR
A MR RE A B AN 22 (285 50751, 4wl FH e by 4t
FR G BT AN BE ELUR S B 45 Bl R Ao 22 (1] 1) i Ak G
A, WX FHAREREEH KT | W, %
— 15 B2l AR A ) O A R Y AT R G A
o, L 4 B R EN LT COT B M BEIF H
RGBT, HARFNGE I FEA DR Fr — 3k, HERA B
REAH B AR UE . MRER LR, +2H
Ak, BRI E SHEIFE W ES L RIET
TRE. BRIFE A 7 A BRI ST R,
AT 4 J8d, F-BEUFE (Stylocheiron) il fh2s
L, AR ENREWN A RS, 7
B AR 2~4 32, Hd s 3 AR 1 3,

*3 6 MEBATHE RAMAEEERS

Tab. 3 Pairwise-species and within-species genetic distance among the 6 Euphausiacea species

— HAS  FRREER AR O A 5 L
sample size interspecific distance intraspecific distance distance ratio
fHENF Euphausia crystallorophias 21 0.206 0.008 25.7
Bt BEEF Euphausia superba 58 0.194 0.011 17.6
W KRBT Meganyctiphanes norvegica 16 0.169 0.004 422
LB BT Pseudeuphausia sinica 20 0.196 0.010 19.6
TeI R UF Thysanoessa inermis 30 0.173 0.011 15.8
PR AT Thysanoessa raschii 30 0.184 0.002 91.8
) average — 0.187 0.008 23.4

Fz4 BITE UABITERNBRNEEES

Tab. 4 Pairwise-species and within-species genetic distance in 11 Euphausiacea genus

J& genus 1 2 3 4 5 6 7 8 9 10 imr’:’ﬁ_inus
VIR R Bentheuphausia n/c
¥R JE Euphausia 0.246 0.135
K#EUFJE Meganyctiphanes 0240 0.172 n/c
WU JE Nematobrachion 0.199 0.175  0.121 0.088
L JHBEIT )8 Nematoscelis 0217 0204 0.159  0.151 0.115
KU #E AR JE  Nyctiphanes 0.234 0.188 0.144 0.150 0.156 0.079
B iR JR  Pseudeuphausia 0.245 0211 0.189 0.161 0.192 0.188 0.010
F#UFJE Stylocheiron 0247 0217 0.187 0.181 0.183 0.192 0212 0.163
K BIBEHF % Tessarabrachion  0.220  0.204  0.141  0.134  0.147  0.153  0.185 0.174 n/c
IPBEIT)E Thysanoessa 0222 0190 0.155 0.153 0.165 0.179 0.199 0.197 0.114 0.063
AW )8 Thysanopoda 0203 0.185 0.138 0.113 0.151 0.156 0.175 0.191  0.121  0.149 0.080
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T3 4 AR S EATHRIERGE HAr /. teAh, 4 B R
4 B W AR AR B R & (Thysanoessa) 5 K I
¥R )& (Tessarabrachion) 4 1 57,

ABEER AR 0T 0k 3 KSZ (K 1), 551
2 B By E IR g S S S R B S, A TE
AL ICHER; 565 2 SCH 1 DMAMEERPFL 5 S BEEF
FRAL R, 53 BIRAE AT B %) B AE B AR, Rk IR &
TF-HEIFIE Y 3 FhBkAR; 283 LREKR, IRTH
10 J& 45 @ URa e, Hrh 5 3 3CR o4 A~/
S, B LN TFREINE AR TR 4 Fh L WE
BEURIE . PRI B MK B R Ak, 5 2 /)
3L BT E 6 FhRRIT BRI B, 55 3 /Ny
X R BEERE . KRR E | BT R A
IFJE At 8 FhEIRLA AL, 55 4 /N33 i AT s B
ZH

e RASAM SR B s 3 K32 (E 2), 565 1
SCHH 2 NI K 5 FRBRERAA R, AL 3 A/
AR, BRSO OR AR AE S AMEE R D R A
BARHHRAR, HOEREEIT R, &5 &THIrE
) 3 FREEEF; 2% 2 SCH FRRIFEAR TR 4 Fh . IR
T I I M R AV 2 11 R AR A A 5 3 3K
AR T Y 45 FhBEIRL AL, 200 3 AN/ IR, 400
EAREITE | E IR R . PRI E KK AR
JEIL 11 FIBEIR A LAY 1 /NS R, KBEIRE SR
W IR R 3 3 PRI A L EE 2 AN R, DA Rk
WRJE 20 FhEph 4 5 3 /NE &R

KB AR FEIRER] 530 3 K (K 3), 51
PSSR S AR BRI AL B 2 SR 2
DN, 1 N ST E Y 3 Rl R
WEAT S S Ze W B St 11 PR A, 26 2 /Ny
TP E . KBNS . FRITER T
4 PP S RGBT B AL 11 FPBEIR AL 56 3 SOl
W& . KBREFE | BT R | AeRRE 2L 26 ik
HR2H A o

LTI B E A UPGMA # RERE I3 X 43 K
RO EAR H R (B 4), BRTERIMEEL BRI
BAOYEOON, 5 7 ANEMALE L . B R
=R H A EXTER, HUOE AR B A SRS TR
IR, WEIE H b i S oA ok B9 2 TR I i R R} A i
— P DRI BT o A N MBRER AN AT 430 3 K32, B

WRE NS 1 32, b BmRar s Rl sr 7, HA
EAEWRIRE s S 2 SO e 2 DR A R AN A
SRRALIR, 553 3000 3R, H /PR MM
PEWRAT o R IR ARJm 4R, 5 2 /NS RN R
URJE, 5 3 /NS AR i B RN S PR 2 A

3 Wi

BEIR 2 M AL, AT, sk, R
PRI A YR T b G A SR, R 2 AT
2 SRS 0 R, R R vl A
Pixt %, WEERISH B BEAR B URA R T,
ettt R B R . BT BRI R AR T,
HA —E WUk ae T, AR R (a) 56 i /D,
PRIt B ) R B4 A O i i ok U Tl e O 9
BRIV FEBE AR ) o BT T B 5 AR R A
MR B IBRAFEZEN . BARBRER A TE A 20 58 56
s, (ATt AT A7 AE B R 46,
A5 2 1O o B A ST A 00 g K P 9 A A A
Al REAFAE N FhEL R BP0 fh . 7RI 2 45 e S
I, FIHZRR DNA J751 25 5 0l B AR F i
Yo K RGO R AR FTE TR

MBS Bk B, AHESE 50 FhBEEFH COI 2
RIS AL A A+T A 63.05%, G+C 4 36.95%,
A+T RS R W = T GrCO & m, %45 RS
Asakawa PO 14 5 A Sl 2o (AR S DX 4 i Sk
N B A I A PR B S5 e — 3. A R
& COT 2 A i mg I 4 il L AE VR 2 B W h AT T 4R
i, AREET TR B Sk 1 i S 2 D
B R R A oy 5 o, AT 25 AR T
R 28 1 SR A R 6 2 J A7 76 P S 1) T B ey
Mo MIBE BB R A0HT, 50 Fhig iR o4 Fb fa] 15 % 15
BITE 0.065~0.306, FHAF-HI{E N 0.186, FhinifLiE
BVEETE 0~0.071, AR 0.017, FHFhEIEE
BARFINIEE R 11 A5 BeAh, MHEAERZE
(1) 6 FhBEER A oA, HOV- YR ] R R 5 R iR
B2 HIRFN T 23.4 £%5, REMCBEERFP A RE A AN
PRSI 17.6 f5. AR Hebert 25 TR COI
SRS B /R AL AR FE S 0.02, H A EIFE
BESMNIEREERTAE 105500 LS, R
L ] DAXT B AR AP AT A AF M IX 53 o DA 46
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93

.

99

26
71

KT864876|E.mutica
AY601083|E.krohni
AY601076|E.americana
GQB890505|E.recurva
KT864871|E.diomedeae
AY601080|E.eximia
AY601078|E.brevis
KU752556|E.sanzoi
AY601081|E.gibboides
AF177186|E.similis
AF177189|E.longirostris
AF177187|E.tricantha
AY601084\E.lamelligera
GQ890511|E.lucens
AF177188|E.vallentini
AF177184|E.pacifica
KT586608|E.crystallorophias
GQ305901\|E.superba

— EF467305|E.sibogae

100L—

ﬁz

39

78

34
93

23

36{
pa i

34
46

—s

98

e

32
58

Bl 1

AY601079\E.distinguenda
AF177190|N.australis
AY601092|N.simplex
KT208792|M.norvegica
GU183772|N.sexspinosum
AY047602|N flexipes
FJ409647|T.orientalis
GUI183780|T.aequalis
GU183782|T.obtusifrons
AY601089|N.microps
AY601088|N.gracilis
AY601087|N.atlantica
AY601090|N.tenella
KT952483|N.megalops
AY047601|N.difficilis
KT864857|S.abbreviatum
AY601093|S.maximum
EF467302|B.amblyops

\

GU183778|S.elongatum —

GUI183777|S.carinatum
KM653052|T.longipes
KT952487|T.longicaudata
DQ003707\T.oculatum
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Fig. 2 Maximum likelihood phylogenetic tree in the Euphausiacea based on COI sequences
The values of bootsrap confidence level are indicated above the branch.
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Study on phylogenetic relationships of Euphausiacea based on
mitochondrial COIl gene sequences

CHEN Wei, MA Chunyan, FENG Chunlei, WANG Wei, WANG Lumin, MA Lingbo

Key and Open Laboratory of Marine and Estuarine Fisheries, Ministry of Agriculture and Rural Affairs; East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: In order to study the phylogenetic relationship of Euphausiacea, 50 Euphausiacea species were selected
and used for the construction of a phylogenetic tree. The mitochondrial COI gene was amplified using PCR tech-
niques. The results showed that a 519 bp COI gene fragment was obtained and sequenced, with 258 mutation sites,
all of which were base substitutions, and no insertion/deletion sites. The contents of A, T, G, and C were 27.58%,
35.47%, 18.88%, and 18.07% respectively. Additionally, the content of A+T (63.05%) was significantly higher
than that of G+C (36.95%). The genetic distance within species ranged from 0 to 0.071 and the average value was
0.017. The genetic distance among species ranged from 0.065 to 0.306, and the average value was 0.186, which
was about 11 times that of the former. With regards to the minimum interspecific genetic distance of 0.020, the
difference between the COI gene sequences could distinguish the Euphausiacea species efficiently. Four phyloge-
netic trees were constructed: neighbor-joining tree (NJ), maximum likelihood tree (ML), maximum parsimony tree
(MP), and UPGMA tree. Their topological structures were basically the same, i.e. they can be divided into three
branches. Pseudeuphausia was on the bottom of the phylogenetic tree, which was one of the earlier species of
Euphausiacea. The Euphausia, which contained the most species, finally was branched out, indicating that it was a
relatively newer genus of Euphausiacea. The phylogenetic relationships among 11 Euphausiacea genera have been
comprehensively discussed in this paper. The results showed that the phylogenetic tree constructed based on the
mitochondrial COI gene could be used to study the phylogenetic relationships between the Euphausiacea species
and was of notable theoretical and practical value.
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