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Abstract: The classification of Carassius has not been well established due to its great variability and wide
distribution. Usually, Carassius is identified as three species: C. carassius, C. cuvieri and C. auratus, the latter including
several subspecies, such as goldfish. Out of these subspecies, C. auratus gibelio have recently been thought of as a valid
species of Carassius. In this study we collected the 5'end 651 bp segments of the mitochondrial cytochrome ¢ oxidase I
(COI) gene from 128 specimens, including C. carassius, C. cuvieri, C. auratus auratus, C. auratus gibelio and C. auratus
langsdorfii. All three species of Carassius (C. carassius, C. cuvieri, C. auratus) were found to be valid, meanwhile
genetic differentiation between the Eurasian C. auratus and Japanese C. auratus has reached a high level. However,
several haplotypes were shared between C. auratus auratus and C. auratus gibelio. Consequently, C. auratus gibelio
should be regarded as a subspecies of C. auratus rather than a valid species. Moreover, because both diploids and
triploids exist in C. auratus auratus and C. auratus gibelio, ploidy level should not be used as criteria for the
classification of species or subspecies in Carassius.
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KA I AR RDURE AR, R e X R K H
ZAGAR A — o LW ) A B BEYE AN 4 (Fan & Shen
1990; Gui & Zhou, 2010; Xiao et al, 2011). LL 4§
AT A3 850 1% A B 08 ME B W0 1 i) e s BIL RN AR
J7 A PFEHLEI R 178 (Gui & Zhou, 2010).
I, e A B AT ) AR S B, H
AW R H 28 R A K B

P [H £ 28 27 2\ kg v ] K i ) g 11 2 m) DA
9 N (C. auratus) RS (C. carassius)PFp, T
F AT LAY WA (C. auratus auratus)$g 5 WFRFIER
il (C. auratus gibelio)WV.Fl(Chen & Huang, 1982;
Luo & Yue, 2000). HIFRAFHIRIRYE, FE5E I
ARG AT By o SL R i ta 73288 . HAE35 W)
P AR 53 N (C. auratus)5 A (C. cuvieri)
PR, B A58 5 AR C. auratus subsp. 1+
C. auratus subsp. 2+ C. auratus grandoculis~ C. auratus
buergeri M1 C. auratus. langsdorfii (Hosoya, 2002).
HEl (C. cuvierd) F-HIHGN K28 (C. auratus)if1—
ANEFR, JEoR T FURdE SCRE T H RN, Ol
FE K — AT )P (Murakami et al, 2001).,

Tl gt 2R b 3 A ), R R, B
ARG R AT 7 AR e, Hr R —HEAHREIR
IR ¥R (Ren et al, 2002; Takada et al, 2010). {540,
FH T [ R AN () MEAZ 2 3% A ) £ 05 40) 93l
FAEMRE (C. auratus gibelio) (Gui, 2007; Shen et al,
1997 IR Rl (C. auratus langsdorfii) (Kobayasi,
1971; Kobayasi et al, 1970)+ &I, JGk2##41>]
B8 E R R A (R MEAZ 2 A% Al £ 0 R
g 4R B (Gui, 2007; Shen et al, 1997)H1 3 %< fiil
(Hosoya, 2002; Ohara et al, 1999, 2000). {H &1 4]
W0 R I 2 A5 AR A ikt A% b nT fig B 2 3 (R 91) — Ad
PR AN A& 7 35 1) 2 £ 1K (Apalikova et al, 2008;
Brykov et al, 2002; Murakami et al, 2001; Takada et al,
2010), 4 H Al R 5C 2R 0 25 [F] T 22 A% A4 1M U A
FME; T HEDARE AR A O AR S [ TR R B 2
FEpR, IE 2 A A S H A A5 AR 1) 5¢ R AT 47
1E. X, BARHAR C. auratus %N 5 AN
Hifr, AH X LENE AR I AN 2 B R B (monophyletic
group) (Takada et al, 2010; Yamamoto et al, 2010). &
27 A ) B R Ok 7K — AN Bl (Chen &
Huang, 1982; Luo & Yue, 2000), #Xifi, JE4EK[E Ak
S8 2 e A — AN Pl (Halacka et al,
2003; Liousia et al, 2008; Oezulug et al, 2004). fillJE

2, Rl 2 (C. auratus auratus)$s % AP FITE
)(C. auratus gibelio)WVF FITEZS B A WA A
SCHCRERT, At I (b R8RSR E ) (Chen &
Huang, 1982). (T [HEZ)P&E Ml g H <K
%) )(Luo & Yue, 2000) 6 2 bR vE i LLEE 1 o

BNEEK Guelph K241 Hebert 3% T 2003 -
U R — MR HEEE ) DNA P800 #r, 1
N FE RS E T-Be, Bl DNA 4% JE i (Hebert
etal, 2003a). VFEAFFT LR UESE T Zbi (A4 i (4 3
¢ AL IE 5 I(cytochrome ¢ oxidase subunit I, COI)
SEIT 55K B9 650 bp JFAUAE N DNA 458518
10 28R (14 2 (Ward et al, 2005, 2008, 2009), A
TSI RD 0] )t 2R RLAR COT FEBRIER 73 e A1 R
Eeor A, WE9T T COI FEDRIAES g o 2R ) S Al 1)
PP AR, a1 i 280 5 AR R o . H
ALEE N R At n] GEAC YR T b E AR (C. auratus
gibelio) (Komiyama et al, 2009). #Ml(C. auratus
gibelio) V23 A T KIR LAIL, R 0 3884% 2 3 )
PR FLAR R TR R B 2 A . Aot
AETE B, P SR SR BN S T e AR I AT
—1#(Chen, 1959; Wang, 2007). Hit, &t
IRENAL AT R HE . A SORSE T/ R
ghb I b gt L 2D ORI “BPRER S
W7 EY), RIS T OUE A ) oy A

1 #RFITTE

L1 RS

AWFFICHIE] 128 FAEah, WF0H 24
FEMFRAE ] L £ P41 GenBank %
SKGARRA GBI E 1. FERMAWT 3 AKiE:
(DAHFFER G H v E K FEE 8 #25 C. carassius
C. auratus auratus C. auratus gibelio %575 WV Fp,
STl 46 AME, FB IR i A5 1 28 4 A
K, £57AGI 22 Geng & Sun (2008)11) 7774
NRHUIE RGN E , IRAFAE 95%I kG, it
PFEMFER 4] 5 DNA 2 H]. (2) Barcode of Life Data
(BOLD) ¥#laErH I AEATF MBI 76 00 4
K DNA £ B (% 20114512 H 21 H). (3) BOLD
B R IRAFIY) C. cuvier F1 C. auratus langsdorfii
SR EWMITIEAD. HT C cuviers C. auratus
langsdorfii “5Fh5 Whh B MAEE SN, AMERLE
FEih . GenBank WRAFMIAE N BN C. cuvier
(GenBank 3x'%5: AB045144. HQ536316~HQ536
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Tab.1 Detail specimen information
¥4 FrA e SRARIS 7] b £ GenBank %3¢ LAY
Scientific name Specimen Ploidy level Sampling time & locality GenBank Accession No. Haplotypes

C. carassius XJ124 N/A 2009 4 11 3 Hrsspn iz JQ319108 H2

C. carassius XJ125 N/A 2009 4 11 H #rasp #) 2 JQ319109 H2

C. carassius XJ126 N/A 2009 4 11 H #rasp #) 4 JQ319110 H2

C. carassius XJ128 N/A 2009 4F 11 HBrsmpi#h 4 JQ319111 H2
C. auratus gibelio FZ02 3n 2008 4= 9 H M AuiT XU K JQ319082 H8
C. auratus gibelio FZ39 3n 2008 4= 9 H M ApiT XU K JQ319088 H8
C. auratus gibelio FZ41 3n 2008 4 9 H e T AR K PR JQ319089 HS8
C. auratus gibelio FZ43 3n 2008 4= 9 H HERILXUR K JQ319090 H8
C. auratus gibelio Fz44 3n 2008 4 9 H HERILXUR K JQ319091 H8
C. auratus gibelio FZ75 2n 2008 4F- 9 H By XUA K R JQ319098 H8
C. auratus gibelio FZ83 2n 2008 4= 9 H M ApiT XU K JQ319099 H8
C. auratus gibelio FZ10 3n 2008 4= 9 H M ApiT XU K JQ319083 H10
C. auratus gibelio FZ13 3n 2008 4 9 H e T AR K PR JQ319084 H10
C. auratus gibelio FZ30 3n 2008 4 9 H HERVLXURA K JQ319085 H10
C. auratus gibelio FZ31 2n 2008 4 9 H HERIEXURA K JQ319086 H10
C. auratus gibelio FZ33 3n 2008 47 9 H BV XUA KR JQ319087 H10
C. auratus gibelio FZ48 3n 2008 4= 9 H HAuiT XU K J1Q319092 H10
C. auratus gibelio FZ49 3n 2008 4= 9 H M ApiT XU K JQ319093 H10
C. auratus gibelio FZ58 3n 2008 4 9 H eI AR K PR JQ319094 H10
C. auratus gibelio FZ60 2n 2008 4 9 H HERIEXURA K JQ319095 H10
C. auratus gibelio FZ61 2n 2008 4 9 H HE VLA K JQ319096 H10
C. auratus gibelio FZ74 2n 2008 4F- 9 H BV XUA K R JQ319097 H10
C. auratus gibelio XQY02 3n 2010 4 7 H BIRIT VG SR AR K 5 JQ319112 H10
C. auratus gibelio XQY12 2n 2010 4 7 H BIRIT VG SR AR K 5 JQ319113 H16
C. auratus gibelio XQY24 2n 2010 4F 7 H IR PH IR AR K JQ319114 H10
C. auratus gibelio XQY28 3n 2010 4 7 M eI PG SR AR K PR JQ319115 H10
C. auratus auratus CJ16 2n 2010 4 10 H B IRITK =TT T JQ319079 H14
C. auratus auratus CJ18 2n 2010 4 10 H B Ivr/K =wioc i JQ319081 H14
C. auratus auratus CcJ17 2n 2010 4F 10 H B IeIT/K =W 58 Bt JQ319080 H15
C. auratus auratus BJO1 N/A 2010 4 10 H bzt JQ319070 H16
C. auratus auratus BJO2 N/A 2010 4F 10 AL 5tim N JQ319071 H16
C. auratus auratus BJO3 N/A 2010 4 10 AAEHTE M JQ319072 H16
C. auratus auratus BIX01 N/A 2011 4 4 HAbntiE JQ319073 H16
C. auratus auratus BIX02 N/A 2011 4 4 HAb gt JQ319074 H16
C. auratus auratus BJX03 N/A 2011 4 4 HAb st JQ319075 H16
C. auratus auratus BIX04 N/A 2011 4 4 HAb gt JQ319076 H16
C. auratus auratus BJX05 N/A 2011 4= 4 HAbxtiE M 1Q319077 H16
C. auratus auratus BIX06 N/A 2011 4 4 FAbntiE JQ319078 H16
C. auratus auratus QHO1 3n 2009 4 4 i rg 2 fH JQ319103 H16
C. auratus auratus QHO8 3n 2009 4F 4 H i %BH JQ319104 H16
C. auratus auratus QHO9 3n 2009 4F 4 H i %R JQ319105 H16
C. auratus auratus QHI11 3n 2009 4F 4 H i 2B JQ319106 H16
C. auratus auratus QHI15 3n 2009 4F 4 H il Fg 2 BH JQ319107 H16
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Scientific name Specimen Ploidy level Sampling time & locality GenBank Accession No. Haplotypes

C. auratus auratus KMO1 N/A 2010 4= 12 H =~ W JQ319100 H16
C. auratus auratus KMO02 N/A 2010 4F 12 H MM JQ319101 H16
C. auratus auratus KMO03 N/A 2010 4F 12 H M JQ319102 H16
C. carassius IFCZE084-10 N/A N/A HQ960498 H1
C. carassius IFCZE314-10 N/A N/A HQ960715 H2
C. carassius IFCZE315-10 N/A N/A HQ960716 H2
C. carassius IFCZE316-10 N/A N/A HQ960717 H2
C. carassius IFCZE317-10 N/A N/A HQ960718 H2
C. carassius IFCZE318-10 N/A N/A HQ960719 H2
C. carassius IFCZE644-10 N/A N/A HQ961037 H2
C. carassius I[FCZE646-10 N/A N/A HQ961038 H2
C. carassius I[FCZE647-10 N/A N/A HQ961039 H2
C. carassius IFCZE648-10 N/A N/A HQ961040 H2
C. carassius IFCZE764-11 N/A N/A N/A H3
C. carassius IFCZE765-11 N/A N/A N/A H3
C. carassius IFCZE766-11 N/A N/A N/A H3
C. carassius IFCZE750-11 N/A N/A N/A H4
C. carassius IFCZE548-10 N/A N/A HQ960942 H5
C. carassius IFCZE200-10 N/A N/A HQ960610 Ho6
C. carassius IFCZE742-11 N/A N/A N/A He6
C. cuvieri GBGC5894-08 N/A N/A NC_010768 H7

C. cuvieri N/A N/A N/A ABO045144 H7

C. cuvieri N/A N/A N/A HQS536316 H7

C. cuvieri N/A N/A N/A HQ536317 H7

C. cuvieri N/A N/A N/A HQ536318 H7

C. cuvieri N/A N/A N/A HQ536319 H7
C. gibelio IFCZE237-10 N/A N/A HQ960643 H8

C. gibelio IFCZE238-10 N/A N/A HQ960644 H8

C. gibelio IFCZE489-10 N/A N/A HQ960884 H8

C. gibelio GRFRF001-08 N/A N/A HQ600703 H9

C. gibelio IFCZE206-10 N/A N/A HQ960616 H9

C. gibelio IFCZE490-10 N/A N/A HQ960885 H9
C. auratus GBGC7783-09 N/A N/A EU266381 H10
C. gibelio GRFRF002-08 N/A N/A HQ600702 H10
C. gibelio GRFRF003-08 N/A N/A HQ600701 H10
C. gibelio GRFRF051-08 N/A N/A HQ600706 H10
C. gibelio GRFRF053-08 N/A N/A HQ600704 H10
C. gibelio IFCZE085-10 N/A N/A HQ960499 H10
C. gibelio IFCZE144-10 N/A N/A HQ960556 H10
C. gibelio IFCZE207-10 N/A N/A HQ960617 H10
C. gibelio IFCZE236-10 N/A N/A HQ960642 H10
C. gibelio IFCZE334-10 N/A N/A HQ960734 H10
C. gibelio IFCZE335-10 N/A N/A HQ960735 H10
C. gibelio IFCZE336-10 N/A N/A HQ960736 H10
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Scientific name Specimen Ploidy level Sampling time & locality GenBank Accession No. Haplotypes
C. gibelio IFCZE337-10 N/A N/A HQ960737 H10
C. gibelio IFCZE456-10 N/A N/A HQ960853 H10
C. gibelio IFCZE457-10 N/A N/A HQ960854 H10
C. gibelio IFCZEA458-10 N/A N/A HQ960855 H10
C. gibelio IFCZEA488-10 N/A N/A HQ960883 H10
C. gibelio IFCZES570-10 N/A N/A HQ960963 H10
C. gibelio IFCZE571-10 N/A N/A HQ960964 H10
C. gibelio IFCZE642-10 N/A N/A HQ961035 H10
C. gibelio IFCZE643-10 N/A N/A HQ961036 H10
C. gibelio IFCZE698-10 N/A N/A HQ961090 H10
C. gibelio IFCZES844-11 N/A N/A N/A H10
C. gibelio IFCZES841-11 N/A N/A N/A HI11
C. gibelio GRFRF052-08 N/A N/A HQ600705 HI12
C. gibelio GRFRF110-08 N/A N/A HQ600699 H12
C. gibelio GRFRF111-08 N/A N/A HQ600698 H12
C. gibelio GRFRF112-08 N/A N/A HQ600697 HI12
C. gibelio GRFRF179-10 N/A N/A HQ600700 H12
C. auratus BCFB735-06 N/A N/A EU524450.1 H13
C. auratus BCFB736-06 N/A N/A EU524449.1 H13
C. auratus BCFB737-06 N/A N/A EU524448.1 H13
C. auratus FOAD213-05 N/A N/A EF609306 H13
C. auratus GBGC0066-06 N/A N/A AB111951 HI13
C. auratus GBGC1725-06 N/A N/A NC_006580 H13
C. auratus GBGC6460-09 2n N/A AB379921 H13
C. auratus GBGC6461-09 2n N/A AB379920 H13
C. auratus GBGC6462-09 2n N/A AB379919 H13
C. auratus GBGC6463-09 2n N/A AB379918 H13
C. auratus GBGC6464-09 2n N/A AB379917 H13
C. auratus GBGC6465-09 2n N/A AB379916 H13
C. auratus GBGC6466-09 2n N/A AB379915 H13
C. auratus ACLBO017-06 N/A N/A HM102292 H13
C. carassius GBGC1701-06 N/A N/A NC_006291 H13
C. gibelio IFCZE170-10 N/A N/A HQ960582 H13
C. gibelio IFCZE171-10 N/A N/A HQ960583 H13
C. gibelio IFCZE572-10 N/A N/A HQ960965 H13
C. auratus GBGC6459-09 N/A N/A AB379922 H16
C. auratus GBGC1505-06 N/A N/A NC_002079 H17
C. langsdorfii IFCZE726-11 N/A N/A N/A H18
C. langsdorfii IFCZES827-11 N/A N/A N/A H18
C. langsdorfii IFCZE831-11 N/A N/A N/A H18
C. auratus langsdorfii N/A N/A N/A AB006953 H18

AB379915~AB379921 J7 41K H T4, A Komiyama et al (2009)3848, i LA A5 Y 1% 42 2n, (EARLEABEFT ARG, 2 ILE0dh 2 b R 30751 12 4
HAL 4, ASCRAERE 1% Chen & Huang (1982)F3HE4r S, AN ILEAREH 1K C. gibelio Y5 C. auratus gibelio N &[R4 554 «

AB379915-AB379921 sequences which were submitted by Komiyama et al (2009) were inferred to be from 2n specimens, because they originated from
goldfish. However, their ploidy levels were not directedly tested in this study; scientific name of sequences downloaded from public databases were named by
submitter; the specimens collected in this study were classified in accordance with criteria of Chen & Huang (1982). In public database, C. gibelio and C.

auratus gibelio are synonyms of gibel carp.
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M C. auratus langsdorfii (GenBank % 3k %5 :
AB006953)3L31 6 45 COI L[ 3 41 4 A0 45 48 A
FEH(EE 2011 4 12 H 21 H).
1.2 Ccol EEFH FHH E RN F

MRS ARG KA, M- i A
g S o 2 2lifk B DNA. A il £ 2 p 44
DNA J74l(GenBank %35 : AB379922)# il PCR
YW IE M 5% CaCOIF (5'-ACCCACCGCCTA
AACACTCG-3") Ml |z 1] 51 #) CaCOI-R (5'-ACTT
CTGGGTGACCAAAGAATCA-3"). PCR N1k Z
AR 30 uL, 7% 30 ng it DNA, 1xPCR 220, 200
pmol/L dNTPs, 5|#ZIKE% 0.3 pmol/L, 1 U Taq
filf . PCR [ 4601 K2 94 CHIASYE 5 min; 94 “CAZTE
305,50 ‘CiE°K 30s, 72 ‘CHEAH 1 min, §73% 40 /M
Wy 8o 72 CAEM 10 min. P IL 1%501E
B A BRI I, 262 TR TRE( L) A IR A
HHIE R 514 CaCOI-F W)Y
1.3 F3I5H

W43 20 Trace SCAHEH] Finch TV v.1.31
(Geospiza, Inc.)IFEF, Hefhk fasta 16 A SR
BE— BT o T 45 gt J5 H NCBI Wl 2 1t
It] Barcode Submission Tool i#%Z #I] Genbank #{4E FE
t1(GenBank &% 5 JQ319070-JQ319115). i H 7
%/l UGENE v.1.95(Unipro, Inc.)# {41 ) MUSCLE
BAFAL(Edgar, 2004)Ex. #5532 L 1 i
Fl, BT EEAC Y NG A 1) AN, AR A
— i B R, X4 2 S AR H DNAsp v.5(Librado
and Rozas 2009)4¢ v1 A5 R A TEA . {84 DNAsp
v.5(Librado and Rozas 2009) 115748 A7 s, 2915
B S % T MEGAS(Tamura et al, 2011) V1597
P BAE T (IR ZE s o35 8 [ (10 P e S 0 i 2 L
{HAFET Kimura XS EHE A (Kimura 2-parameter,
K2P) I %™ B P 08 1 26 A% B 2 S AN R 2 [
HV AL R, I MEGAS(Tamura et al, 2011)
AR AR 42722 (Neighbor-Joining) #4) ## 3 T~ K2P £
PR AR, nTEEE S 1 000 X H R
(Bootstrap) £ 5 o #f 5 1 i H 82 (Cyprinus carpio)
COI FPRIAR RN B (GenBank & 3¢5 : IN673560)1%
h ARG HTI AR T

2 4 R

21 #& col EEMFIES
B AU 7N B (Mus - musculus)COI

HFEPFI(NC_005089)CDS X 5 52~702 il 2 [] ] 651
bp P41 T HFH 2B M S A XBP, R
AR T ALK BEABTE 600 bp LA F o AL,
A SEHE R A P4 )7 5 (GenBank ¥k 5
HQ960610 F1 EF609306)55-7 — ™t i FrBs Ak Hi TN,
XPHANAL A A i R B AL B . BOLD dk 5
IFCZE750-11 J7#1 A =k i 2k, 3K Led 2k
FAE A = IAk, Hig L4280 610~621 HHIL[H]
MRS RGZRAT . 25k A% Y A I 28 i A B 2K (indel)
A S HEBRAEAN, JETHAFE] 18 AN HfE A, X Sl £ A
5 25 A TR e o 1 20 A L3 20 G B A 2
H1(BOLD ¢35 : IFCZE084-10, & GenBank & %
)V E A AR R 2 S I L, £ Blastn LEXT &
WAZ 7 H ] ek T-HE 2 40 8 (Leuciscus), AN

x2 col ERRBFRERBEMSTFHPESH
Tab. 2 Distribution of COI gene haplotypes in different
species or subspecies of genus Carassius
/4 te AR KA

C. auratus C. auratus  C. auratus
auratus  gibelio langsdorfii

A i )
Haplotype C. carassius C. cuvieri

HI1 i
H2 13
H3

3
H4 1
H5 1
H6 2
H7 6
HS 10
H9 3
H10 1 36
H11 1
HI2 5
H13 1" 14 3
H14 2
H15 1
H16 18 1
H17 1
HI18 4

" BOLD #5745 5 IFCZE084-10 [ 4 W0 51 ik [ Tk 2 #41)8 (Leuciscus), T
A7 (Carassius); *HHR Genbank % 3¢5 NC_006291 545 Kk
BT C. carassius, (P& SCHR o W2 K8 T 20646 (C. auratus red
var.)(Guo et al, 2007).

*BOLD specimen record IFCZE084-10 with barcode sequence maybe
originated from genus Leuciscus, rather than genus Carassius; # Genbank
accession No NC_006291 sequence was annotated to be origined from C.
carassius in GenBank, but the origin paper indicated it was from the red

crucian carp (Guo et al, 2007).
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il | & (Carassius). 43 1 1) 17 Ml & 20 A58 AL
T. C Fl G BZER & 50 26.1%. 29.0%. 28.0%
Fl16.9%, A+T M &N 55.1%, W &ET G+C 1)
i 44.9%. 17 DIPATIUILAE 78 AL UK T
B (substitution), L% 45 N 4(transition) A1 8 4>
Hii i (transversion), A 4 M7 L[] B A7 78 3 4 5 A
e, T2 BALE 57 Ao 17 ASHAERL R T 5
e LE(TI/TV, RN 7.32. C. auratus langsdorfii
H WA IE I RAERI(HLT, HI8), '©5 C. auratus
auratus~ C.auratus gibelio 553 LI HAE AL, i
C. auratus auratus R C.auratus gibelio 1157 5145
RS K(HI0.  HI3 Al H16). #NREEAFIZE
TREIR] () SF-34) K2P Ji A4 it 25 L3 3.
2.2 EF col EEMH & RFH

T K2P AL BRI COT FEDA i AU ()

NJ B UL 1. 28 Blast ORI o] gk T- MR
1 )& 1) 7 4 (BOLD 3k 5 : IFCZE084-10,
Genbank X5 3%5) 5 R 6 A5 R 1) 22 e H A
BT R SR A s R ERERENES &
5)(GenBank 3¢5 : NC_006291) B8Rt b B Aok
VT C. carassius, (H/2H5 C. auratus J:F A5
(H13)o ZJ7H0 B4 STHR i B 2 R T 20 £ (C.
auratus red var.)(Guo et al, 2007), ZE# I\ NIXA]HE
R TAEE R P A2 4 GenBank JdF iy 21
filfl £ 27 24 A% FH AR s BT o B T IX PR 45 AT REAF/EN
MRS AAE, AT A g I A A NT R
T 5 NFEERIDSZ, XN C. carassius C.
Cuvieri, C. auratus langsdorfii. C. auratus gibelio
M C. auratus auratus(l 2). NJ BiE/R C. auratus

gibelio 1 C. auratus auratus J< 2R BT, XA NEFP

*3 HIESEHETREESMENLERNTHYREES

Tab.3 Mean genetic distance between and within each group in genus Carassius

ST 1] PB4 B 2
S TRy B Nl S TRy S e T T
ESis Between group mean distance JEBE P IA H
Group Within group mean distance
C. carassius C. cuvieri C. auratus gibelio C. auratus auratus

C. carassius 0.007

C. cuvieri 0.071 N/A

C. auratus gibelio 0.066 0.054 0.003

C. auratus auratus 0.063 0.056 0.007 0.004

C. auratus langsdorfii 0.075 0.058 0.038 0.037 0.009

91

100

C. auratus auratus

C. auratus gibelio

H17
4]00(_ HIS C. auratus langsdorfii

H7 7 C. cuvieri

97 H2

H3

100 | (HS C. carassius
95 H4

80 'H6

Cyprinus carpio

0.02 i

H1 (Leuciscus sp.)

B 1 3T K2P AL B COT S D A5 R ND B
Fig. 1 Neighbor-joining tree of COI gene haplotypes based on Kimura 2-parameter (K2P)
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I3 A TR K i, B a3 PR AN A 5 23 A T H A4
5510 C. auratus langsdorfii 5 Jj— 32, NI B #2544
KEEN(C. auratus) &AW HIHZ R —3. NI
WA B C. cuvieri M1 C. auratus 7 & h'E5%%, B
W AR REFIANE TR C
carassius F1 C. auratus, M C. cuvieri 5& C. auratus

B — A
3 i i

3.1 HEsERMFENE

AL N FEE G PEh R A R 6 4% C. cuvieri
FE4 R A — A5 BU(HT), 5 Ad e a2 A A
WEER. BT LR R IRIIN AN C
carassius WFHAN, AT E B BN A B A
PR C. carassius FFHVEE N — MRS A RAE
KHFI R R . XL RN C cuvieri 5 C.
carassius AW AL T C. auratus Z AN W)
Tt o U A AR I 22 (1) 273 S VR C. auratus gibelio
WAL R — R, — 26 [E S 5T 2 (Tsoumani
et al, 2006; Flajshans et al, 2008; Leonardos et al,
2008; Liousia et al, 2008) ) 5% 44 [¥] Fishbase. NCBI
LM TIX— 7y KRS, BOLD R4 2
BAREIC N C. gibelio(# 1), EREATHR—HIA
Sy [E A n] LA Cooauratus auratus 5 C.
auratus gibelio PR, PO 1970 A X 3R AA I
DL A ¥ (Chen & Huang, 1982; Ren et al, 2002;
Shen et al, 1997). AT T HAIKIN C. auratus
auratus 5 C. auratus gibelio 1] COI A% T
PN B B A 2 SC(B 1), HE YA 2
R /NF 0.01, 3F B C awratus auratus 5 C.
auratus gibelio  FH >4 — 73 A AR L (R
2). BV SR G RS B S 55—k A
HAKINEHN(C. auratus langsdorfii) 3T . K1, AT
ST DNA KIEM IR S R HREN(C. auratus
gibelio) MR NI(C. auratus)i]—NIEFR, TIAE—A
AR SR VUL

gr bRk, AR R SRR I JE S 3
NYFF . FREN(C. carassius) iy An T H 0L BRI, 4
TR A Wl 3 AN L T8 s 457K AT i 38 (Chen. &
Huang, 1982; Ren et al, 2002; Shen et al, 1997), JLi¥
g I I, AR SS, 1 EAEI(C. cuveri)
FN(C. auratus)TS SEANG Y BB M, AR A ]
0o 2 BCHRIC 3R (C. carassius) B3 FE EAE

25~31 2. [8](Chen & Huang, 1982; Ren et al, 2002),
H (P EZE - Ead - EH « T45) Fid
BHAFEHCR 30~52(Luo & Yue, 2000). X 1] fg 2
HERR BT 2385 1, DR A D BRI A S 45 T8 )
Crp i e 2R D) A AL Bl 27~29(Chen
& Huang, 1982). Hll (C. cuveri)/AiJul## H
BT AR 1) B 1R 7 K3, A A B 4 S, £
H ok 92~130, I stbARe Ak v] A5 ) g T Ath o v i X
/3 (Hosoya, 2002). #ll(C. auratus){E R WA 2 K
P />4i(Chen & Huang, 1982; Hosoya, 2002; Ren et
al, 2002; Shen et al, 1997), I 4k 5B A1 3 VAl
WA 358 43 7K A b (Jakovlié & Gui, 2011; Kalous et
al, 2007; Tsoumani et al, 2006; Wheeler, 2000), 4=
YRR E R R, Rt AT .
3.2 #TFEYR S

FRIEN(C. auratus) vl L5y R 53 A B (T 32,
XA T HARY By 5y 300 An T RO K il
(Takadab et al, 2010). AFEH, HAK C. auratus
langsdorfii 5 KFEP) C. auratus FEAALI E 3
I3 RS R COI A\ R b A T P A 46 1) 1) ik
it 2 12 A R e ) ) 20 A% A8 e 8 2 KT 9 IR a4
A7 5 (Hebert et al, 2003a). A [A] AW HE %I R R IR
SEYES AR ZE S, BARIIYIRN A B A 1% 25
FIAREE A SRR (2 REVTTERY, P
) Cor LR A5 BAR DA KT 2%, K
T4 IR 43 B /NF 1% (Hebert et al, 2003b). AT
5 HARW) C. auratus langsdorfii B — %, 5T
KEEIIIAD C. auratus ¥ b 5 01 3R R 5L #E
BORT 0.03, T H AR )AL B 2 35 /T 0.01,
BIoRHAY T C. auratus langsdorfii 5 BRIV K fik
(AL C. auratus -5 FJE TP AN A (1) Bk A4 1%
Fo MH, HAY AR C. auratus 5/035 55
WAPER R E 5ROV K C. auratus 7 5.3 7
5, W C. auratus subsp 1. FHHEHEESR 11~14, C.
auratus grandaculis fi8F2 51~73(Hayosa, 2002). 44k
ST N K H A B By 1 R [ 1 540 4
MERDME T LTS . A, A%
J7 TR -

BE A C auratus 15 68 568 25 %%
15~19, S % 37~54, WL AN EF . C
auratus auratus {ERESA FLEOKRBA 040, F
MEB B0 4+26~28, ] k% 27~30, 1 C. auratus
gibelio B HEE % 4+28~30, L% 29~32.,C. auratus
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FESA T E AR 7 (Li & Gui, 2008; Takada et al,
2010), MR (C. auratus auratus).
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0 A Y5 T 2 1 55— il R (Rylkova et al,
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