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MBI AN R WAL HEATT WRI Ko AR A48 W2 F F i PCR-
DGGE #4 ¥ Kt A M AR EANELET RS  ERETHARD oM ERRA
Bt AT B S MK — 4 7k £ FE A B # 4T PCR-DGGE 35 44T & 7 47 # . PCR-DGGE # £
it B4t ¥ 4% € PCR-DGGE B W F A T B 7, AR XA M RE ek AR M LF
ERANES FRAGETEFARELI M XIRBREWAF AL LM, LT &% DNA x
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X,B 1 kg ZAMME(R D BT K, #i)E
BRI & Y T LW B 08 T DNA 25, 5
B—fyA 1.5 mL 4% B9 H B W IE 5 LAREAT B
YGRS, RN, SR 6] Kk T

B ST ET I ROF AT R R PR (W1, W2) BLgy
Pk R R o KRR R A YR 4
B E BT I ES WICHK[6] s B DNA 25
% PCR-DGGE #8800 #r 2 ] SCHR [ 51 8547

®1BEEAEK/MFAEEL B

Tab.1 Comparison of silver and bighead carp in size

2K (cm) K (cm) thE (k)

full length body length body weight
851 A nobilis 1 (Al) 40.8 33.5 0.78
#52 A nobilis 2 (A2) 50.5 41.0 1.22
%3 A. nobilis 3 (A3) 47.5 39.5 1.15
%1 H molitrix 1 (H1) 49.5 41.0 1.10
%2 H molitrix 2 (H2) 45.8 38.4 0.90
%3 H. molitrix 3 (H3) 48.0 39.4 0.90
% 4 H molitrix 4 (H4) 4.9 36.5 0.75
%5 H molitrix 5 (H5) 43.0 35.0 0.75
%6 H. molitrix 6 (H6) 41.0 33.8 0.83

1.2 HIR N WA H R &% DNA 21

AN EYWHB ST ER ER BT el
B E N S W FE MRS G R R B 0. 1 mL 3|
HWHES, LENS FEHA, EEREER
(32 x) PR, 2 G REE YRR (K
AR BRESE) , FESMEE T (100 x 5 400 x )
RSP YRR (N (B2KE) . AN
B —f0h 10 ~ 30 N (MM KRG M E) , gY R
W RBSEE BBV N KBTI R EHD B 1.

6] B & ¥y b i A 800 L 2% % (0. 5%
SDS; 10 mmol/L Tris-Cl, pH 8. 0; 10 mmol/L
EDTA,pH 8.0;100 mmol/L NaCl; & H#§ K,100
pg/mL;RNAase A,50 pg/mL)F 55 CKIFZfE
A%, B0 (10 000 x g,10 min ,20 T) j5 FE¥EA
FHY O B OB AL AR B - A BEA TR,
DNA & F 50 pL TE (10 mmol/L Tris-Cl, 1
mmol/L EDTA ,pH 8.0) IMEFET -20 THH-
1.3 PCR-DGGE EFEF9HH

53R Fi4T % 168 rRNA 71188 rRNA EH
Tt & b RS R (EE R EAE) &
BB K HF #E1T PCR-DGGE 8404347 (5 I 3CHk
[6]), Hrh BRI TEE N 35% ~50% o FH-Xt
#5347 E PCR-DGGE i3 #EAT P51 404 - B 5B
PP 50 wL TE T 4 CHB R
H ) DNA,BLO G B 1wl FEERARAA & GC
RIH T YIEFBEAT PCR 33 (I IR R AR P
[ ) o ¥ 3™ YA NerE e i Ik 5 AR

AJ[ DNA B & E, # B DNA R
B#EH3) pMDI8-T #fk, 5o 5 7 e PR % bR
Flm R BAHR A RARNT . & FriismFsl7E
NCBI # 47 BLAST, 3 )\ GenBank | 2% #5 1L} 9
165 5% 18S #5451k RNA 2 HF 3, @it Clustal X
KT 2 ) 2Rt M BT 5 R &
K25k (Phylip 244-6) #E47 P51 AH R 40T o
1.4 B@IH

A F§ Quantity One 4. 6. 2 ( Bio-Rad
Laboratories, CA, USA) #/4%} PCR-DGGE $84¢
BEHEAT AT, 4R 48 & T 7E BB e R B RS
A 1/0 5 (1.0 2 BIRB[IEFHAE.TL) o
BRAKS = 2n.5/(ny +ng) THEFT LB R
Dice FE{PLREL, HoH np 3278 PG R W9 IEH 5
$sna Fong 43 AIAFRE A A M B KA BIEHF
¥, M4 Xt Dice MR B BEATIEMAL X
RF ¥ %R %L (UPGMA) M1 £ % R E 4
(MDS) , L&A FAA 1 & W v A 0 He L T
BRI, 35 5 0K B o B R Ui A W) #F ¥ PCR-
DGGE f840#47 AL

2 4R

2.1 KEHPFHENER

FHRIE SRR (WL W2) SERe il
BRI A Y 5T B, KR RS 22 B f i 19
T EEIE 13 TP AR 2 MR R 1 B W1, W2
KFE P PR A WD 4G Dice AR ZON 0. 643,
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M EE s E BTHE R A, RAE S
FE L&A, FHO 19 050 ind/L, # 5y
2 550 ind/L, AL A 2R AR R 2R E R R P
AT R I i 30 ) 3 K Y Pearson MM R BN
0.912, % F 16S M 185 rRNA # P DGGE & #
Dice Z¥4> 5% 0.778 #10.917, H W1 f1 W2
FEZETF 165 1 18S rRNA #:PH DGGE 34 Dice 4
L% UPGMA B PERERB—B,
2.2 WA EMAR

B EE BEARYIEE D, HUBEEN

¥, B, BREYEMEZHME(A3,
H1 . H6 ) TSR A, S R B 88 9 59
w3 B g B SR M BB (Scenedesmus sp. ) (ML &
B 42.83% ~64.73% ) , it o LB TR B
K /N BIE ( Cyclotella sp. ) M 5 JE %8 /@
(Schroederia sp. ) . WX & WERR TSR
KA B HEFEERENELNREIYERA
S ARNME N SMEHSFE (R
2) i) Pearson #E{EL &% 4 0.928 ~0. 941,

R2 HEHSVRNEBRYEERSL
Tab.2 Composition and percentage of food in intestinal contents of silver and bighead carp
A3 H1 Hé6
FH(nd/L) BoW(%) FE(ndL) Fath(%)  FHE(nd/L) BoH(%)
abundance  percentage abundance  percentage abundance  percentage

IR Scenedesmus sp. 2 597 44.93 365 199 64.73 2 597 42.83
/INAFEJR Cyclotella sp. 866 14.98 64 447 11.42 866 14.28
SIEE)R Schroederia sp. 649 11.23 26 853 4.76 866 14.28
ESEJR Melosira sp. - - 32 223 5.71 649 10.71
XKPEJE Chlamydomonas sp. - - 21 482 3.81 - -
+FEB Crucigenia sp. 216 3.74 21 482 3.81 - -
Vi 3a)8 Tetraedron sp. - - 10 741 1.90 - -
BEWIR Pediastrum sp. - - - - 433 7.14
414738 Synedra sp. 649 11.23 16 112 2.86 433 7.14
F4IEFJR Navicula sp. 433 7.49 5371 0.95 - -
# i Rotifer 50 0.86 10 0.002 10 0.16
A& Chydoridae 40 0.69 20 0.003 10 0.16
$I7kZF Cyclopoida 10 0.17 - - - -
A4 #)8 plant debris 120 2.08 110 0.02 70 1.15
FEHKA unidentified 150 2.59 170 0.03 130 2.14
4 it total 5781 100 564 220 100 6 064 100

2.3 B4 PCR-DGGE 4347

&%t 16S rRNA 2 R DGGE 18 80407 446
WE 30 ZARKEH (B 1), %30 Mardm
JG(OTU) ., FH X7 A Mg & P R B
BIRETHE 5 36. 7% , T HAA — AR 76 g N kAR
BERINE . B R IR B 4 o R B A %
WHAE4 ~19 ZA%, FH R 1.1 &, ETF 168
rRNA % 3 Dice #H {2l & $(#) UPGMA B 2 Al
MDS HEFF B85 T H6 4b, Hg AN AR
5, LSRR R A YR R R I s T 5
IKEER R R Y S R AR R (B 2- a,¢)

&%t 18S rRNA 2 R DGGE 18 8047 446
WE 10 ZARRREH , HPUER MR G S Y
R MB 4 &5 50. 0% , i A — RIS 7E TS
AMRERRERI B, R R B8 8 g A R T 3

BTSN 2 ~ 7 &, BUKFE PRI B E) 18
rDNA & 80/0, BT 18S rDNA 357 Dice FH1{L
AXE) UPGMA LA MDS HEFF B 7 85 5 %
FY PRI B A K B R X A (&
2-b,d) . PCR-DGGE 8 2r 7 7 % £ Z 3 72
B S8 [R) 1  oh 2 BRAG U B, 384> DGGE 4%
WHIFFS1 087 B , WBE SR R R & RS
HFFIFERZ I (E 3, B 4) , X RN
B R ERARNER,

3 it

i SRR EE BRI SF, B 1958
FEANTER BB T RERET, HAERE
YOKFHP S35 T R SHAL; B E5 A
HMEAEEHAEE G 5A MY LE, 0 1989
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Al A2 A3 W1 W2 H1I H2 H3 H4 H5 H6

|
e e

Co—

MBE
i 4 '

- A—

B 1 16S rDNA i EEE R ik (DGGE ) i
A H DRI FOREERIR B8 8, W R KR
Fig.1 DGGE patterns of 16S ribosomal DNA (rDNA)
A, H and W indicate the samples collected from bighead carp,

silver carp and water sample, respectively

ARG R T R K R A B E (5 12%) ,
i 6%, RERBERRERNRBLR
DL 2K575E , B 2005 4F A TH45 RN B 5
G REYOK IR R A 28% M B BN
IREaR, SERFAEYEIER, ENZEEE
R AR, TE Y RAERE L BER I S A4 H5 K
RAEZREFE P RIEE L BIER, RN XK
WEFREBETE—EREM. Hit, 5 5%
FERK RS Z 2 T BN S B R HE, AR
DUARBIMBI AR R FER T KEEE
FARBR T AT N B IR A
e A= Y £ B TR S R AT IE K R BB SR AL
PR XA AR B T B8 KK
IS, B SR EC LU AR B, AR BT Tk F
B EMZFRIE BT BN
REAS A S 6% B B SR R 28 T AR R, Xk
FECT B BHGR K R R AR A /N EL L
R H T H, B S At iR R E
TEANALRY , 2 BEE PRI AR T A& A A DL AR 4
L RUSE R EAIPEE SR - &7 A |
NEEFROG T RRBIRAET NP2 b
TR A, AT SRR 4T &

HERNESS LA RS ERRHEST, IEER
E—ERE 2R ES A RERNE,

AETHPE HEASTHREETREEY
i) DNA ST & fE TR T 3k, TEi A S %
BT REMEFER" ™, BEERMHEESH Y
BEFEENE  BHEWREETREN B
FiAMTEER#T R, BREFTT 85
BseE bR A R, R B R TR Ep
B S U B - AR AR R U (I iR
fEEdr) . BT DNA MEedTtr PR SERE
Wb, BV RS WALE B B R R U5 TR
SEHETAMH, M, B R  BER A
X B AT E AN, BF RB sk R
BT B, R REERIRERT™ g
ik BEaR ks e e
P S AT, TR E 9 B SRR SR
i SRR WA RIRE, A THEH B EERY
HIFEYN 3 RFEARTBIHE, EM#E
BEREESX YA BRIk L RBP
BERXNSEERFEN T RO EE LR EME, H
MREROATRENAFHREEFRERFA
ARERRE R AERRKRE,

ARG B 55 1T I IR B A R iR AR B,
LSRR #R1F DNA $8 80 T E R B i X
BN HEESFASRERRPHINA. BT
HRTHERRE, B SRS —MEsH™,
BHHRE SRS EPHEHETHER &
YIRE R, HILREE 2 BB NN R YERE L
RS R Y 3 BRI B &0 e
P (FERER), BHETH Y DNA i PCR-
DGGE 18 8U43#T 76 A AR ER BB R I B A [F] F 3%
T (BT 20 A S ik S i 4y 26 80E, OTU) , B
HEEHENTEAEAENNEE OTU &,
B IrR %K OTU # X% />, PCR-DGGE
W RS A AR R ERAER
B, EEE RS A R AR R F],
XZZ B PCR-DGGE 847t B H B R AEE R
gtk B EYH R EMAS N BN, X
PCR-DGGE 38 8047 8 24047 & PR B 1R 3
BAEBRADI, MEFEXX(E 2) ,ZHENE
i A E S, DGGE &4 3| dr 45 Bt
X —f. X 5HEMARD BT HRER SIS
RV A, AN HERESNERBRS., TR
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X B 3R B 4 X i 8 A B X — FRER M AR B HEAT
PCR-DGGE #8405 T 2 W17 HY , BRI AR EIK R
BIX e AT LA REETERSHS
WroCERIR BRI FER BHART ™, 44,
B RN E T ZR K SHENLXRRE
REFERWREREBEN, EARRETEXH

Al 1
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n———
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Y DNA Z8M2 7 HTERARNRI.

T &Y DNA R #HT AR TR
FIHEBRRA: (1) XA R YK BT
FrRIIYWE, U ERARGN B RHRES
R, —BA T ARG RS EY
FPERRRFRO R SE I I CEAIVER 5 (2) BXBRIFS

W1 :I
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I
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H3
Al
H5
O —
H6
1. 00 0. 80 0. 60 0.40 0.30
similarity
b
0.5
Hf B
0.3 1 Al
+ A3 o
*
0.1 J + H4
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+(H1
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dim 1

B2 16S rDNA %1 18S rDNA DGGE #5 40 B sl b 8

A H 5 BIFoRREGR TR B9 B, W SO AR 5

(a) ET 168 1DNA &3 UPGMA 53 ; (b) £ T 18S DNA 37 UPGMA JK;
(c)ZTF 16S 1DNA &7 MDS #E/F; (d) Z:F 18S 1DNA & MDS #/7
Fig.2 Comparison of similarity based on DGGE fingerprints of 16S rDNA and 18S rDNA
A, H and W indicate the samples collected from bighead carp, silver carp and water sample, respectively;
(a) UPGMA clustering on the basis of 16S rDNA bands; (b) UPGMA clustering on the basis of 18S rDNA bands; (c) MDS ordination
on the basis of 16S rDNA bands; (d) MDS ordination on the basis of 18S rDNA bands
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Microcystis wesenbergii NIES-107(U40333) Al-5
Microcystis aeruginosa(DQ363254) Al-1
K8 e Prochlorothrix hollandica PCC 9006(Z82782)
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Uncul tured Caul obacter sp. (EU514009)
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—1000

97
—100

B3 MEYH DGGE EHIRTH
16S rDNA Fr 3 4E{UEEL B
HURBTR A AR R WA FF]; AH 433 Rom R H A8
B, W R AKRE ;R ALBI ST 1 000 1R bootstrap () B AR BE
(R BRTE50% L LAY)

Fig.3 Comparison on sequences similarity of 16S
rDNA obtained from excised DGGE bands
Sequences obtained in this study showing as bold; A, H and W
indicate the samples collected from bighead carp, silver carp and
water, respectively; The number next to each node indicates
bootstrap value of 1000 replicates ( only values above 50% are

shown)

Junceella aquamata (AY962535)

AZ-1
Uncul tured freshwater eukaryote (AY919752)

_loo

B4 MEYH DGGE EHIRTH
18S rDNA Fr 3 4E{UIEEL B
HURBTR A AR R WA FF]; AH 433 Rom R H A8
B85 T R AL B HUF O 1000 X bootstrap I EFEH (R B
50% A BB R EE)

Fig.4 Comparison on sequences similarity of
18S rDNA obtained from excised DGGE bands
Sequences obtained in this study showing as bold; A, H indicate
the samples collected from bighead and silver carp, respectively;
The number next to each node indicates bootstrap value of 1000

replicates (only values above 50% are shown)
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PCR-DGGE fingerprinting analysis on intestinal contents of
filter-feeding fishes ( Hypophthalmichthys molirix
and Aristichthys nobilis)

YAN Qing-yun', YU Yu-he', ZHANG Tang-lin', FENG Wei-song', LI Xue-mei "’
(1. Key Laboratory of Biodiversity and Conservation of Aquatic Organisms, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China;

2. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract ; PCR-DGGE fingerprinting was explored in the present study to analyze intestinal contents of filter-
feeding fishes ( Hypophthalmichthys molirix and Aristichthys nobilis) , which were sampled from the Donghu
Lake, Wuhan. Different microbial bands (16S rDNA) and eukaryotic bands (18S rDNA) were detected in
all the individuals, and the numbers of 165 rDNA bands were more than that of 18S rDNA bands. Results
of the present study suggested that it is possible and useful to apply PCR-DGGE fingerprinting to studying
the intestinal contents of filter-feeding fishes. Additionally, PCR-DGGE fingerprinting and sequences
analysis of the DGGE bands indicated that intestinal contents composition of silver carp and bighead carp,
which had been found to be significantly different in traditional dietary analyses with microscopy
identification, was not significantly different. These results suggested that a significant portion of planktonic
organisms were fed by the silver carp and bighead carp. In DNA based dietary analyses, multiple samples
can be studied simultaneously with a standardized set of procedures, making it practical to perform
comparative analyses, and furthermore, this comparison makes it possible to elucidate some objective
ecological rules.

Key words: Hypophthalmichthys molirix; Aristichthys nobilis; PCR-DGGE ; intestinal contents; Donghu Lake



