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1 ¥RSHAE

1.1 #H

HERA 8 IR AR F A TH (Leucisci-
nae) B BLE ( Crenopharyngodem idellus, CI) 1 f
( Mytopharyngodon piceus, MP ). % T # ( Hypoph-
thalmichthina) B8 { Hypophthalmichthys molitriz,
HM) i 8 ( Aristichthys nobilis, AN), # T #
{Cyptininae) ¥ ( Cyprinus carpio haematoprerus,
CHY R ( Carssius auratus, CA), ¥ W8 ( Culteri-
nae) [ Bik 85 { Megalobrama amblvcephala Yih,
MA) R = A8 { Megalopbrama terminalis, MT), 13
LI Eh AR K = R R 4L, 2k B A AWK
FHFFEYEHR 4 RIEE TR ME, MadkER
BIS%HEENE AAXTES, BROERERF,
BAL AR IR, f 5 RARHE AR B,
RERE. HHEB1g BT 10 ml ZEH, 09 ml
AEK, BEEBHBEN SRR BBER 107,
REH#ITRERE, 4588 10721077, 1074,
107510751077 10 B, £ 0.2 ml BIE
ERE ERANS, REIRE AN ME TS LmiE
FUFE 3TC APPSR 2 J HRAHE. RS,
Bl RS ERE
1.2 SWERE

BT HEEAEFESN, B RATERNIEFH
. HREERE PO EIHRE SO S HEHER
#,
1.3 HEMR

RARLERE FRAE. JELEENE.
AR ARAREB. vO. P B, B, 5
A EIRE AR IR A RN LR, W
BEESAR HENTRER AEFRAR. A
HB, Bt RS BUARAREET T,
1.4 SEAE

MWL SRUGRAEEE T,
1.4.1 FEREE MREREAM AR, 310

HEAtE, MEBKE R W E R B RE, 5 BT,
SRR R AW A B, 3000 Rk,

1.4.2 FBFEKN EERRROVFERARRER,
BRI 4 P B N S R B
B, AR, O AP Ay IR AAT S
B.

1.4.3 #HEN HBRER.GEMNERRS; X
B, o d- T, BREORPE . AR A f
e, RBWES, mEL- R co,. 2Rz
B, THRIRER. A fmNEs, RRWEE,
PEXIECEHERMTLER. B, SNER A
MR REEH B, 4 d- M, FERE
B RS 4, BB R AREEE, FhER
.

1.5 DNA BRI

M GenBank 18 EUHE £ 0985 5 0, 88 051 1Y 8!
A, T A L8 S A8 M. skolbovii (MS)
0 M. pellegrinin (MPE), 8 WH}H{ Xenocyprininae)
B4R (X . argentea, XA)H D, hupeinen (DH),
PETEMNHTA. BAMNKBEM(S. curriculus, 5C)
b RN A cyth B ND4( LR RSN 4 5
WH)ZE A DNA B, Kb ® W H iR
B4 ND4 2FH K DNA BRI, T HE €5 ND4
ZHFE DNA FWTE GeneBank HEH .

1.6 ZitoHw

1.6.1 FUESI REHE MRS H R
B, B RRUEA 7 310 8 B B AT
AR, CULER TN Y,

D,=1-2,

Hep A, N BUE BB, REMEERE, BN

EUSIR UPGMA BB 8 MM R SRk
.
1.6.2 cytb ¥ ND4 B DNA FERIMIESH F
i CLUSTALW BFHTEF A7, K55
SHEHER 8 FE R #F B P - distance 3T FF 71 8] i
P-Dfi, B NJ 3 MEF RN,

2 GRESH

2.1 ERABEMERERSHAaRER REN
A

X R, B B W B8, = A5 M 8
AFh R B B R AT A A R R
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HENEL, BERBE ABI s AOFRZ
e LT R L 6 BR AR RUEIE B (% 2),
FANJ M UPGMA BB TEN PR s fANESL
WM (E 1 @8 2), BTFRAHEANE, HitE1
2 B N) WA UPGMA MR M EER, hE
1 HE2 TR, N] #f UPGMA W B3R T HH
M. I NJ ®f UPGMA W B IS T 4, T8
AMAER—E, AP A T EA SHA, B
TRMESH M TRMALH S =M RET
FRE MG E B 1 DEREGEE, MR
SENZENERRES &V H S TSN —
ERES, AGH S TANE, BE S8R HE
A—HFER, R—RERLH, —FAERT I
FHE A A SRR E LR R R
40, Bk, ERHEIME AR OR R E NS
EWR A, TR e A8 s LS E A 3
Fi R R, BATRIAEHNE EEEE

#8 Hopiceus

H# A motitriy
W 4 nobilis

Bl oidellus
B ¥ amsfycophals
SR 4 rerminalis

0.075

M ¢ corpio
B C auratus
B 1 AN AR s PR KRG

Phylogenetic tree of 8 fishes of Cyprinidas using NJ
method on the basis of distance data

Fig.1

ATEMARRNEENA, ¥ Fu, X R4
FALW B T RS TR B 5 18 L b E 34 5%
RERM LAOFEOMHRNELER, NE1HEE
WA, 5 TR S o w8 3t [ A 34 A
FLARHAREHER, AWAKES 140
S TRR T ReEBENERATES M
TERAHERUE, dE 1 82 RO
Hr, ETRR - E R RN EH, AL SHEE
Pt MR E R B, W B A4S b iFH X —
AB), MTRD, HSEERKNGE, LER
8, AR IS 0,241, REATER A 10 45, T
ARAENTER X 4 M EMFREHERE, B1F
& W8, TR AN K B BN T R a4
R, XRBEA AR AR EERO RN
HE, MESFUERANER, XBSRAMLRE
FHSRERRE M.

I W € suratus
L ¥ O carpio

E %% A nobilis
B 4 molitrin
El—'_ﬁﬁ H rerminglis
ki K ombiycephala
_E: W& A piceus
W C idellus
B2 A urcMa EHEE 8 HEa s RENLn

Fig.2 Phylogenetic tree of 8 fishes of Cyprinidee using UPG-
MA method on the basis of distance data

;1 SEHENERTIEE RS ah M EaN
Table 1 Species of microorganisms in fish intestines and distributions in 8 fishes in number (CFU)10%/g
F.
E 2 %a M T@ o =aN M m o
Pacteria genera — Sum
Cl MP HM AN MA MT CH CA
WK ETE MM Fofnia 18.90 12.30 8.58 7.35 8.40 7.50 1.50 2.50 67.03
BT Xenorhbadus 8.40 7.00 6.35 5.35 0.99 D.84 0.25 0.30 29,48
AWM Ameromonas 4.20 3.00 12.30 12.3 5.90 4.90 1.50 1.23 45.33
RN Cirrobater 8.40 7.50 6.13 7.10 0.50 0.48 1.49 1.50 33.10
FRAKEM Rahnella 0.00 0.00 1.23 1.23 0.00 0.00 0.00 ¢.00 2.46
RAKBEM Peudomonas 2.10 2.10 1.23 1.23 0.99 0.84 0.25 0.30 9.04
FRIT M Becitius 0.00 0.00 0. 00 0.00 0.00 0.00 0.25 0.30 0.5
MM Stroopiococus 21.00 12.30 1.23 1.23 2.98 2.50 1.25 0.00 42.49
WHIRW M Seaphaoicoccus 21.00 12.30 0.00 6.00 0.99 0.84 0.00 0.00 35.13
B Sum 84.00 56.5 35 05 35.79 20.75 17.90 6. 49 6.13

H PRGBS 0GNE 4 BEHEER R T HE, Data in this table were zverage values of 4 individeals for each species.
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Table 2 Distance matrix converted from the approximate coefficlents of the
intestine microorganisms between the 8 fishes of Cyprinidate

W& MP ¥ HM M AN # CH & ca MW MA =MW MT
¥fyCI 0.019 2 0.685 B 0.687 4 0.114 2 0.1213 0.737 % 0.894 9
i MP 0.668 5 0.670 2 0.100 1 0.107 3 0.725 4 0.883 3
& UM 0.002 6 0.623 5 0.627 7 0.650 3 0.794 8
oW AN 0.6241 0.628 1 0.649 8 0.7952
% cH 0.0100 0.6526 0.8376
Mca 0,646 5 0.834 0
A3t MA 0.317 2

2.2 FSNEXESEN cytb DNA FIRERIE
RgmiLn

F I THEME 13 MMM cyth DNA FFIA
CLUSTALW Bt 315 BF i H el P- D {E(P
— distance), IR 3 HERERA N EHETEN
MRFER(E3), sl 3 TR, B TR L
ANFeE, B Rt S h — 2 B, BT Ry
My — X% MTMMNELG. =AY M.
skolkovii H1 M . perliegrinin F—F B, W TR OH

WA D. hupeinen WA BPEATIMMNETARE
ERRREY - REEROIR). RTRPALH
ShHEE 4 MEMEEBE 1 M RARA BP A
TR 3 MRS ERER SEETER2H, 75 cytb 2
Efth, PR SR TRHESEN—HRAEH. 8
EAERNE, ERABNMEKEEXT B/
SEEE, B, cyth 2 HER R AW ESRER
ERFRIE, ARBROEE, RKRE, X131
FhE cyth B MP BERAB— T RARAR .,

%3 MR 13 M RZRE oy ER DNA R L p- EEN
Table 3 P — distances between 13 Cyprinidae fishes in cyth gene DNA sequences

AN C1 MP MT M5 MPE MA CA XA DH s5C CH
HM 0.0755 0.1036 0.0904 0.1361 0.1133 0.1097 0.1089 0.1659 0.1196 0.1185 0.0992 0.139 6
AN 0.1133 0.0983 0.1247 0.1150 0.1115 0.1089 0.1677 0.1124 0.1159 0.0957 0.151 9
CI 0.1001 0.1229 0.1176 0.115% 0.1133 0.1651 0.1159 0.1115 0.1010 0.1405
MP 0.1115 0.1036 0.1036 0.1018 0.1554 0.1027 0.1045 0.0957 0.1299
MT 0.0711 D.067T6 0.0658 0.1615 0.1220 0.1185 0.1238 0.1457
MS 0.0158 0.0114 0.1684 0.1054 0.1203 0.1194 0.1501
MFPE 0.0097 0.1686 0.1089 0.1185 0.1150 0.1449
MA 0.1651 ©.1036 0.1176 0.1133 0.144 9
CA 0.1721 ©.1554 0.1580 0.1238
XA 0.0667 0.1106 0.1466
DH 0.1036 0.1457
SC 0.144 0

2.3 BRENAZEERN ND4 DNA FFFIARER
AR EEMIL B

ND4 HEEEBK 4 STEREE, RA
CLUSTALW Bt fu i3], 838 T &84 11 1
MZEKP-DE(FEL)., BRI WERERN %
MR TR 11 MR R R R (R MP ER
BEiak g N RS HFNRIMEE) (B 4). B
ERFERHEERICE 4, Bl LR HSEL 1 A4
HFBERE -XE., ERARMIBEKEERERT

TRHE SR, HIE, NDa 2 E 76 R E 1 W
B A ERARERTHE, FRAKER, BT
BRI A, T ARES & LA E
Fhtg i —REA. BEEHSRSHEMREE
RH—FEEA MREALRES & LA M ERD
S A SR TR A TR A IR R Z Al
S, 1E ND4 RE P, SRR KB RE, LREW, M\
SLAT I, B B A DNA FAFINR A RE
BURARRNER,
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Table 4 P - distances between 11 Cyprinidae fishes in ND4 gene DNA seguences
XA CH CA MA MP MS MT CI AN HM
DH 0.0739 0.192 0 0.173 9 0.1254 0.129 7 0.125 4 0.125 4 0.1159 D.126 8 0.126 1
XA 0.186 2 0.181 9 0.11926 0.123 % 0.128 3 0.128 3 0.1152 0.1101 0.1181
CH 0,133 3 0.182 6 D.186 2 0.192 0 0.192 0 0.190 & G182 6 0.1812
CA 0.169 6 0.173 2 0.172 5 0.172 8 0.172 5 0.181% 0.170 3
MA 0.011 6 0.054 3 0.054 3 0.121 7 0.1087 0.1109
MP 0.058 7 0.058 7 0.127 5 0.113 8 0.116 7
MS 0.000 ¢ 0.1297 0.114 5 0.1181
MT 0.1297 0.114 5 0.118 1
CI 0.1239 ¢.113 0
AN 0.06% 6

BFAH Leuciscinae

M peilegrinin
K skaikovii

B hupeinen

W C aurats ST 4} Xenocyprininae

B caroio

R HF Cvprininae

B3 Acyth BERRE DNA FIIR N EHRGHENS
5 IR 13 R RN B
Fig.3 Phylogenetic tree of 13 fishes from 5 subfamilies of
Cyprinidae using complete DNA sequence of cytb gene
and NJ method

3 g

AR EREKT LN EBNE THNEARLE
FHEHRD S, RekaBinixd BLes
AP RBH R, #E 2, =48, XA RAED
BRAR FHMER I ERAEPAKRESEBIE
L TR s etk — R 48, T A H R
BB ERL CEETH. XTRREERN—
TEARLED, BTRLAADEHE 1 M BEAM
SRR AR 2 R R gy
RETHN AR RS B ET R, R
NN ZEEEEE PR PHE AR, 0
IR R B, B 5 10 R B0 240 RO SR R D ity
BRARE MMM AL, 76 0B 5T fBH 5,

BT H Hvpophthalmichthinae

1o

B capio
M A nobetis

WH'W T Culterina
» 0. 033 B3N & amird voephala
i pelleg: fnin
¥ skoikovii

@EF Xenocyprininae

B4 FNDs ZEINHSSE DNA T N] EAREEE A
& 5 DTN 11 AR RSN
Fig.4 Phylogenetic tree of 11 fishes from 5 spbfamilies of
Cyprinidae using complete DNA sequence of ND4 gene
and NJ method

BT, 9 T OB O R0 2 A 4 B A B R 7]
AP R OREBHENETE 48; DRAREHF
AL ARE 2 SR Ok OFTE 1 MBI B AR
G, BHit, SENEPHE - wARAL, WME
TR AETHAX SRS A ERT A .5
B HRMEALXRAREMEEXER, EITTER
FR—#F Y, AXABESEOERS
FARE RGBS ST — LR, I TR AR
SETR R . BFEEEPHA KT
PSR b8 WA i k., R EN
TERH 52 088 TE B A T3 P 208 0 8 TE B O £ At
LA SRR B R G R L, AT RO £ kA9
ST PHRISE R £ 2K AT AR R — L Rl M Se R B 1F
IR 3% BAEEMBARN, TRRECIREN
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WEES  F R R A5 A7 0 DNA AP 3 MR} 5 3 48 R AL 38 R 9B ST 31

TRAETH S FAE = FELRSE: ORE
BB 2n = 48; QR B ESHARERA
7 ORE 1 SR AUER MRk HWNE
BERTEEERLER, HINK. BTN R —3
AR AT ER AR, HEREFRNHH, XHA
TRaRERHAnEARARN. TR, E4HR
AFL EHTERENREREXRBFEFRRAN
Fi,

RATF R R B P cyth ZERM ND4 £
Ei4 DNA FRIFF g8 EE RERERER
i AR KNER, R, XFRI R E AR
TR RS MHEED 1M EFRNES. X—XR%
SHIEFS RGEEEANITES R R TIWRNR
HiE, X3 PMHEEHRMES LE8AH, E£H1
h T TR S TRy — RN, X8
EESHTAAE TR RME 1 NSRS NDY W
b, ERTHSHTRMR 1 NS REEERE
SRFAEANEENERAR 1 A BATE
cyth Weh, FIE BRABE R, RFP A TR 3 TF
FAERE L MEA L MRS HERERERS
MR ZEAPESEL, BRANFENE. AR,
TRAMERESEFRAERN DNA FF LBER
KHER.

Hit b, AN #EI RS, BEMEYNE
TR ARBERAE ENREDHERERUR
il PR 2 MM SR AL RS E B EREY
FE-MAAREREXENRINA, ki,
ERLEREINET, HREPHEDRMEEX
FAHE, R2Z T, W, F%% RN DIE
R dy, 5SHIVE TR FMFER KRR, HEUE
Z. BRIVBEERE S EBERNIA o0 X RAEY
X e Fmm s (B LAE2)P, ERAK
PR 1 M ERE SR TER XN R HE
BI(ME 2) , Gilles I cytb M 165 fDNA X B
SR8 R R AL TR S R A R B
B Tincinae fl Gobioninae SEF R B, HS5 %K
FaTRHEESTZ, SHHETH SEF A THR
Rk s LMo, SRINKEREMR,
EREABERBNRES A RRRTETERE
RREFEIMRERLLE.
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Study on the phylogenetic relationship of Cyprinidae based
on the distributions of intestinal bacteria and DNA sequence data

TAN Yuan-de!, ZHAQ Qing-xin®
{1.College of Life Seience, Hunan Normal University, Changsha 410081, China;
2. Department of Biology, Yencheng Normal College, Yancheng 224001, China)

Abstract: It was assumed that closely relative intestinal hacteria had closely relative intestinal hosts because of
the same or similar symbiosis, vice versa. Based on this assumption, the amount of intestinal hacteria detected in
intestines of Cyprinidae fishes was used to analyze the phylogenetic relationship among 8 Cyprinidae fishes:
Ctenopharyngodon idellus, Mylopharyngodon piceus, Hypophthalmichthys molitriz, Aristichthys nobilis,
Cyprinus carpio haematopterus, Carssius auratus, Megalobrama amblycephala and Megalopbrama termi-
nalis. In the phylogenetic trees, using NI and UPGMA methods, the genera of each subfamily were joined 1o a
comnon nodal point. Between the subfamilies, Leuciscinae and Culterinae were first joined to a nodal point. The
point, which Hypophthalmichthinae and Cyprininae were together joined to, was their ancestral nodal point.
The sequence data of the 2 genes cytochrome b and N4 of mitochondrial genome were also used to analyze the
phylogenetic relationship between the 5 subfamilies of Cyprinidae. Both of the phylogenetic trees of cytochrome
b and ND4 built by NJ method were different from each other in topological structure. Nevertheless, a common
conclusion inferred from the 3 phylogenetic trees is that Cyprinidae is the most primary group and monophyletic
in the 5 subfamilies, whereas C. auratus may be the most primary lineage; Culterinae has no position in
Cyprinidae phylogenetic tree.

Key words: Cyprinidae; phylogeny ;intestinal bacteria;cytochrome b and ND4 genes
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