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EEE? pEAl BaeRL BEE 2 AW ko mt?
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(2: hEREEET SRS, Jbat 100049)

# E: RH] RAPD Fl PCR-DGGE #5880 A Xt 4 3 PR 030 W 14 P2 i 9% DNA 28R TOR5T, JF4 T DNA £
BIESWMARMNER. 458 TR (OSSS I E ) 44 Fp2IT IR EY): o3k 1350, [RAEZ Y 1050, 4eH 167, 4
FZEFIRS 24 2 Bl £ W BE(Peridinium sp.) . BRIEWPFE Hi(Difflugia globulosa) . H2JF 1% Ht (Keratella cochlearis) Fi4 #£ %
Jile4 s (Polyarthra trigla)d NYIFPEE AN 5 T2 MR 2655, (2) RAPD 38363745 128 4K 7 200-1200bp HYEHE, RN
61.7%, FESPEREH L E5HT 1 19.5%. (3)PCR-DGGE #4804 Hrdkikss 87 A4ty igily, Horh s A i AR 42 (50 4%), K
AR (37 4%), 25T 86%F1 64.9%. JRAETEAS 4 Al DNA $8 805 BTl R L B i Rh 281, (EJCARM
PEREAA 220 RIS B, CuiRI—3, D, EWiRA—3, A ly—2; Pifh DNA SE8U I RS R BR C.
D. E =3iR—2, A BRI L LR, EXHRIEYEENTI T, JBE¥ kS DNA BEE AR BE R, &
F Rea R L B R AR, (2 TCRER] =Ry ik m] LUK [ 7 T AL REE 2540 . 0K it — 2B eI e A i v 45
AR G 5 B I A FETl.

F4§217: DNA £251k; RAPD; PCR-DGGE; JRilt LM, 3L miksh i)

DNA polymorphism and species composition of plankton in an artificial lake for breeding
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Abstract: The present study was designed to explore relationship between DNA polymorphism, as revealed by RAPD and
PCR-DGGE fingerprintings, and species composition of plankton community in an artificial lake for breeding transgenic fish.
Planktonic samples were collected from five sampling sites in the artificial lake, and their similarity was assessed with cluster
analysis. The results were: (1) a total of 44 planktonic taxa were identified, among which there were 13 algae, 11 protozoa, 16 rotifer,
2 Cladocera and Copepoda, respectively; (2) 128 observable bands were totally amplified by the 9 random primers screened in RAPD
analysis, among which 61.7% and 19.5% were polymorphic bands and specific bands, respectively; (3) there were 87 distinct bands
identified by the method of PCR-DGGE, among which 50 were 16S rRNA bands and 37 were 18S rRNA bands. Despite the analysis
of morphological identification and DNA fingerprintings had shown a higher species diversity, the cluster of similarity was different:
based on species composition, group 1 consisted of B, C sites, group 2 contained D, E sites, and group 3 only comprised of A site.
However, according to the DNA fingerprint analysis, the plankton community of C, D, E were similar, and another two sites-A and B
were similar. In summary, our results suggested that the species composition was not closely related to the DNA polymorphism of

plankton community, and the latter can describe more species. However, the characteristics of biodiversity revealed from different
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aspects will provide basic data for elucidating the structure and function of plankton community in the ecosystem.
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AR IT TR — 280U NEY), W3 T /& ANEE) . EP= B R 23 = 3R,
FIBE K, AT FZRAI iR 2%, SR K IR AR ) R B S B o, ek, PR R
WA . MRS KR A S RGP B R S A A P AR IR, HATR L TR ROVEH, R A S AR
5% gy R G A g O,

FIR, SRR 28 R GE PR R W BRI KL TR IR A 2 0L SR AL G T 25 M e vt
TR UV BRI AT — 8 JR B (1)K BREE i I IR i A PR A5 A 1, A 1% ] S8 A% 48 5 i AE 5 9 L
TR IR RGBS, M 85%-99%64 B R BEASAE ML oy s ke (2)— SRR SR IR, iR
ANTTREEREACR AR 5 T S, PRI — e b 2 PR () g Bk 25 S AR A AR T HE s B8 T ()1 2R
RIS L | YRR T, W SRBEE Z TR . SR B T, UL REXTER A MR AT A S
FE. BFXF AL RS A AR S I RD Z REE RO T i——DNA 58 AR, # A DNA 580 R EEAREHL
51 23451 DNA(RAPD)FIAS M B EE K Uk (PCR-DGGE). Hij & #AE R B, Bt iys |2 HoR
T AR DNA PGB, sl 2R R ok TR KT8, J5#& T fipkim . Eapker.
PREE, [ 1993 4F & Uk Muzyer 251 1 T W AE 2T LISk, BB 12 B4 AR ER B Wiy
ZREPERFIT . 2004 4EA T AT T DNA #8580 AR TE S A WU RS Gk d R GEREHI al REVE, 2 )5
B 5 O T DNA $8 S0 AR TR EE M | K VTR A K AR P i i A MU Y4 DNA S5 80 Fh et 5
YR ZREE BRI SE R, BUSA B AR, A, N DNA FREEHEH AR T T BEVE 25 MEL R 756
E e

AR SCUL ZATAR PR SE R AR 30 W A E S 52, 2 b B R B K A A W F S BT T 2001 AEAE L
B RTFEIRAAE N TSGR, TR TR AR AERZ SN AR RAGENIE S 53
%L I RAPD #1 PCR-DGGE Wifft DNA 88 AR FE SR i s v i A W RE s M Ah 2000k, 7R
DNA ZEWS5YFRAMRZ M EISCER, LA A0 oT 4 35 R 4o 6 THRL A= ) A 5% i S AR 28 28 AN Q0
A7k

1 MR %

1.1 FEmERE

SRR DN A AR T W A ) A 1 SR B0k
LTSN R D RESE R AR R MR A — 2 A AROK IR A2
RYE, FEPKEE 2m, KA 6.67x10°m?, KK IR KoK
AR RIFIBEE T AL BL C. DL E 5ANU(E 1), BT
FEREACRAET 2007 4 7 1. FRIFAE D HERE LT 2577
A FOKTE T 0.5m ARFEHR, 28 FH B I (4%) [ it A T

Pl 1 i R e S ) SRR 5 AN A YIFhAEE; DNA ZEMTERR(R)Z | IRIZKAS 05L 1R

Fig.1 Distribution of the sampling sites in SIRA B ERIRRT, T B DNA 94,
1.2 MEEE

TR AR YR 4 52 7E Zeiss Axioplan 2 imaging 2 185

artificial lake for breeding transgenic fish

T #E47(200x).
1.3 B#% 5 DNA 12

B 500ml AKAEFEAMR A TG 28 GFIC JEE(FLAE 1.2pum)iddg, FRRF BT TR 41 FBYRE. A 3ml 2
fiF A (301 2 A 7 K, 30l Tris-Cl, pH=8.0, 150l SDS, 600p1 EDTA #12190pl 3zE7K), T 55°C k5 24#% 12h;
RS 3R E, B OB TS I . 1507 (L) A = Ui, 2 AR JCK C R 0.1 1K
TR NaCl(3mol/L)ILTE 3h, FELL 70%MY 2 B3 vk . THRJ5 ¥ T 50pl TE I, (A7 T-20C# . £ DNA



M SRR BRI KA HBEE DNA $ AR5 HAPERE R 377

FH 0.7% M B AEBE IS (5 EB)EAT LUK LATTA il 4520, I Ff BECKMANDU 530DNA/Protein Analyzer il
7E DNA g gl
1.4 RAPD 3543 #fF

LA V7 AR VR SDNACHARAR, 3 FH KRR SR K VERR X R, NA0ZRBERLS [ 1 Hh i 18 Hh B 1 285
R I B 2 S F 945514 OPM-1, OPM-3, OPM-10, OPM-12, OPM-13, OPG-8., OPG-10,
OPG-17. OPG-19. RAPD % Jii Z IR WilliamsZ5 ! 3 LIE 28 15 (Lo (3%) U)X [ i AR 2 rh B [ £ ——DNA.
dNTP. MgClL KB & B Tk, B2 BN AR ZR A 25.0ufk R 415 £)50ng DNA(FHE R 3%
A —3%), 2.5u1 10xPCR buffer, 2.0pl 25mM MgCl,, 3.0ul 2mM dNTPs, 1.0ng81%, 1.5U Taqii, AR X
BIXGEKAN T, 2R PCRIGHR S HUNF: 94 CHAZPESmin, JR4E40MERR, - MEHK IR }94°C7E
P£40s, 36°CiR *k40s, 72°CHAEM2min, F/F F72°CEEMSMInZe 1k F4°C. PCRF=4) [ 1.5%3 iRt i i vk i
W, UVPEE IR R G4, £ RAPDY HELZ 2k L) L.

1.5 PCR-DGGE 549 #7

DL DNA SRR 20553 FAZ AE M1 19 16S rRNA BEDRUFT A AR #) Y 18S rRNA KK 74T PCR §71#. (1)
P54, 16S rRNA R:[F ¥ 4%: F357GC: 5’-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCG
CCCCCCTACGGGAGGCAGCAG-3’, R518: 5-ATTACCGCGGCTGCTGG-3. 185 rRNA J [H 4 14 :
F1427GC: 5’-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCCTCTGTGATGCCCTTAGATG
TTCTGGG-3’, R1616: 5’-GCGGTGTGTACAA AGGGCAGGG-3'1%81,

(2) PCR JZMifAZ&. 50ul PCR iR R4 K A0 TF: 10xPCR buffer 5ul, 25mM MgCl, & 4ul, dNTPs
1.4ul, TEJZ 18514 20pmol, Taq fiff 3U, it DNA £y 40 ng, &ieJa i KEWEEKAMS5T ZE 500l

(3) PCR Szl &4, K] Touchdown PCR #ixX 4T, 16S rDNA 48 24 94°C UL Smin; K5
94°C7EPE 30s, 65-55°Cil K 30s(HEMEFR AR BEFEAR 1°C, 23t 10 AMEIR), 72°CHEA 1min; 42 F &M
22 MBS HCH 94°CAR1E: 30s, 55°CiRk 30s, 72°CHEMH 1min, /5 72°CHEfH 10min £ 1T 4°C. 18S
rDNA 41 25U 165 rDNA HIBI AT 22 BRI YR 68-58°C, ZJ5 T 58 C k4T 19 MEH. PCR 1=
VIR 1.5%35 N M EE IS B iR, I LALESR P2 PCR-DGGE 1Y _EAEH:.

(4) PCR-DGGE. PCR-DGGEFEINGENYphorU-2 & 4t HtEAT, JIr IS Ay ¥ 132 9% (wiivr) 14 3R PR M Tk i (A1
B R M e =37.5:1), HLUKAEIXTAEZ il P ifA7. Hkas, BRI /- F R MPCR™ Y £ B 28 1k
FIH e e AR 2 B AE AR A AR B REEA T, IS LAY S, A8 M50 B0 B2 35 24 35%-50%,  LA60mAY i
JE LU ZE60°C FILVK 10N, FLUKZE S, BEMCFH1xSYBR Gold ,30min, fie)im FHIXTAESE Ml vk —Ik. 1E
UVPJ{% Z 55 (UVP Inc. CA, USA)H I8 HL ik 45 5 31471 1R,

1.6 HIEST

RAPDHIPCR-DGGE [ FH eI 73 M4k £ (Quantity One 4.2. 3, Bio-Rad)#HA743H7. £5ubiikas 2 LA
VMR (U FEA, ORE T, Z )5 HIXLSTAT-Proff 4 Sy AR E SRS IR Wh e 1 A 46 SR R AR e Ak
FLIOKERE, T AXLSTAT-Profi ikt Tk,

2 R

21 YFMETLER

5 A uli LM E R 44 FhRTRRAY), Hob, WK 13 Fh, JEAsh 10 Fh, HBi 16 Ah, Kok 2 B, ke
SRS 2 F. A A EUR £ (33), C ulhi¥FhEis /1 (18). TEATESE RS, 31.8% K FTA sy A,
38.6% M — Ui FEA F. £ (Peridinium sp.) . BkJE07¢ H (Difflugia globulosa) . $2JE o F 4& H (Keratella
cochlearis) Fl§1 % £ i 48 th (Polyarthra trigla) 76451l s HH U R (3% 1).
2.2 RAPD B9I4#T

9 ZLBEAILT ARG 128 S4B 7E 200-1200bp (34, %N 61.7%; Femthift 25 &%, Rk
Y 19.5%. KBy 87, Hih E w2, b 93 4% D i/, O 82 4%(3 2).
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1R EW R R (L ARFRAT, 0 1RERTE)

Tab.1 The species composition of plankton community (1 stands for presence, 0 stands for absence)

Yrh A B C D E

B Algae
£ FH 9% Ceratium sp. 1 1 0 1 1
Z H & Peridinium sp. 1 1 1 1 1
#35 Euglena sp. 1 1 1 1 1
44k ¥ Dinobryon divergens 1 1 1 1 1
25 BR¥E Euglena sp. 0 0 0 0 1
YEHH# % Euglena oxyuris 1 0 0 0 0
B Trachelomonas armata 1 0 1 0 1
F i3 Mallomonas sp. 1 0 0 0 0
ZUE W #iiE Phacus pyrum 1 1 1 1 1
K B ## Phacus longicauda 1 0 0 0 0
FERLFE Trachelomonas sp. 1 1 1 1 1
ZLBR7: Pleodorina californica 1 1 1 1 1
ik fL¥ Lepocinclis sp. 0 1 1 1 0

JRA 51 Protozoa

AR T F T2 B Arcella gibbosa mitriformis 1 0 0 0 0
21 L Vorticella sp.1 0 0 0 0 1
4P Vorticella sp.2 0 0 0 0 1
BRIEAPFE B Difflugia globulosa 1 1 1 1 1
£k 52 Centropyxis aculeata 0 0 0 1 1
K[ #b5¢ R Difflugia oblonga 1 0 0 0 0
ZxHR B Euglena viridis 1 1 1 0 1
A iS¢ L Euglypha acanthophora 1 0 0 0 0
F EAEA5E B Tintinnopsis wangi 1 1 0 1 1
= L H Trinema sp. 0 0 0 1 0
5 Hemiophrys sp. 0 0 0 1 0

& H Rotifera
£ 5 F2 46 B Brachionus angularis 1 1 1 1 1
B R 245 B Brachionus forficula 1 1 1 1 1
% B % H Chromogaster sp. 1 1 1 1 1
L 5 . Collotheca ambigua 1 1 1 1 1
Xt ik [) F2 4 & Diurella sulcata 1 1 0 0 0
W2 5, FH 48 dt Keratella cochlearis 1 1 1 1 1
BARR&E i Monostyla sp. 1 0 0 0 1
2 Mkt Polyarthra trigla 1 1 1 1 1
1% %% 1R Rotaria citrine 1 1 1 0 0
5 {37 3 F2 %8 R Trichocerca cylindrical 0 0 0 1 1
YK 5B H Trichocerca elongate 1 1 0 0 0

Ei %t B Pedalia sp. 1 1 0 1 1
il 55 5B %8 B Trichocerca capucina 1 0 0 0 0
SN E2 4 B Trichocerca pusilla 0 0 0 0 1
J7H Y %8 i Trichotria tetractris 1 0 0 0 0
1% 752 Bdelloidea sp. 0 1 0 0 0

Hiff2& Cladocera
I 1% Alona sp.
i 554 & 3% Bosmina fatalis
Bé/EJE Copepoda
%7k % Cyclopoida sp. 1 0 0 0 0
ToH5 %1k Nauplius 1 1 1 1 1

,_\
o o
o o
o r
o o
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Tab.2 Amplified results of samples (1 stands for presence, 0 stands for absence)

OPM-1 OPM-3 OPM-10 OPM-12 OPM-13 OPG-8 OPG-10 OPG-17 OPG-19

A0001011111110 10101111101 010100011011001111 0111111101010 1011011011101110 011110101111110 10011111110111 0011010110111110 00110111110
B 1001111101100 01011111111 101100111010101111 1111111101001 1011010011111000 011110101111111 01010111111011 0110010111111111 01011111000
C0111111101110 01111101110 001011011011001111 0111111101100 1010111001111100 111101111101000 00110111111101 0110110110111111 00111111100
D0011110100100 01111100110 000010011101001110 0111111110100 1011010101111111 011110101100110 00110111111111 1110011110111111 10011111100
E 0011111101111 11111101110 011010011011011010 1111111111010 1110110111110111 011101101111110 00110111111101 1110010110111110 00111111101

2.3 PCR-DGGE 54143 #7 ABCDE ABCDE

PCR-DGGE #8804 #1315 87 459 ik,
HohJFRZ g 50 2%, 2N 86%, FEfitih 16
2%, HEATEN 32%; BUZIEHY 37 4k, AN
64.9%, RN 9 4%, HEREHY 24.3%(F 2).
2.4 BESH

JUETE A2 M2 DNA 8800 Pl KB H
B R ZRE v, AR I RS HN A AE 22031
()RR U RSB 7R 5 ANl s AT R o =28,
B. CW R HN— D, EMERAN— AdhY
Fow A5 ol AR A M SR AR Bk O — 25 (8] 3a); (2)

RAPD fil PCR-DGGE 540431 UPGMA %1 @

R C. D. E =uitHltr s 8 y—2%, Al B [l 2 16S rDNA(a)Fll 18S rDNA(b)PCR-DGGE 1§ £ &l i

Wﬁﬁjﬂ%—%([ﬁl 3d, 3e) Fig.2 PCR-DGGE profiles of 16S rDNA (a) and 18S rDNA (b)

A C B

B A A

c B c

D D—————— D

E E E

0 0.100 0200 0300 0400 0 0.100 0.200 0300 0  0.100 0.200 0300 0.400 0.500
a b c

w)
g o »

. - N

0 0.100 0.200 0300 0 0.100 0200 0300  0.400
d

€
P 3 Zo il ik DA i WA 7 0 A MU E T UPGMA SRk
(a: FeTFHFha il b JET 18S rDNA A7iC; ¢ JET 16S rDNA FRic; d: J:F RAPD #ric;
e: T 18S rDNA il 16S rDNA i PCR-DGGE #rit)
Fig.3 The UPGMA clustering of the plankton community from different sites in the transgenic lake
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KRS RGA — R, FILR T ATTRES T T A BESS F A R, dvT g
AW 2 REvE R AL R e PR, Zo A PR S R 0 i T — A LA 10 M A 8 S N T AR 8L
M, FIARE A LI IR L T R e, PPN ARG . TR EYTE K IR E S RS
TR FEARSISTE, o 2 K A 25 A ke B T A O, DR R0 2 R A 2 B A 2o R R LS B S I
2L AN AR B, BE s TEY AR IR & J&, DNA 880 AR B 1w FE 8
ZAREHE RIS, XA BAL GBI ik n T ok B & 1B 2R, WO R YR SRR
22 ] 9 2% 2R $RAAE 9 Ay L ),

KGR ML A5 )7 L) B RAPD 5 PCR-DGGE Wifh DNA $8 40 A B 57 i 5 [ £ 1= 06 1 v
iR ZReE, FRE AR RI I M A N R, R BN JEA¥KEH B.C WM D,
E Pk PR 2 AR R i, AR — 28, AR BRI Sl — 25 (18] 3a). T REVE B DNA S48 S AR b7 )
RABLIRINGIR C. D, E =3 R sUAERL, RN —2, S/ P i P Fp B (8 3d, 3e). #e |,
TSR 9 s P TR A VR B R, HE DNA 8 SR NS A I TARAL, (EAST 6 T 45 i W b 2
HLH DNA $58053 7 (RAPD Fil PCR-DGGE 43#T) 45 A 22 5. S H I\ i U 45 S i B PR A] RE7E
T i, EGIIEASEIT LS 3R 07, Rl B AR A b R T S, T LR AN AN A A
B, SRR 55 R 5 wste; 57—, AWESE P PFP DNA $8 SCB A S LIRS 1) 42 3k
DRLZH R RS X G2 1), TR T AE A 980 7% B E & B b 2Rk, I 88 ) A 08 0 0 £ ) 5 Pl B 1) T 5 200,
X4 RAPD F1 PCR-DGGE MR/ 145 S R EARRL, (HAFA A i2200: 7 RAPD A1 (] 3d)A.
B P RAE—ilHY, MifE PCR-DGGE H2Eo 4+ (15 3e) 48 A B Pl i ilr, HAh—3K. X
A RES BIFP DNA F8 20 AR A B A7 56 RAPD JEXT LR (I BEHLY 1S, i PCR-DGGE J&: LA i F EAZ 514
AE FHRAZ S | P A SE R A A T3, R LA T e g R 2 5

Syt UL =R AR XN R R, 2E# 4 PCR-DGGE 1% 18S rDNA 43 #1Fil 16S rDNA J3-47 43
I (K 3b, 3c), I SYFMLNEEE (& 3a)F1 RAPD 826 (I& 3d)iEAT Huak. 2 ik Wi e ik
%515 18S IDNA HJ | 16S rDNA REHA L BUACHE; RAPD 53515 16S DNA RELHA MR,
M55 18S rDNA REAMIKE. B b, AL E R 18S rDNA MRl st HAZ Y, HBIEE R X
AL, FHA TS, XAl fER 1 T 18S rDNA () DGGE /i RS & T Sk e ek, Biisy
FhEEvER R, RIS, Savin ZENION A FHOR BE A THFGE — 28] 2 04, HI L)%
SE MR BRS04  PCR-DGGE 8803 AR AL IE 52 07 i Fris Al 42 5. Moon-van
der Staay SY %PPigid 18S rDNA JFHIBFFTMEIE /NN Y, LT LARTA S E R Fh. 3T
RAPD #5404 5 16S rDNA R IAHCHERIZER, FTHE R IE & DNA HRZAEY R DNA %,
HOE PCR BEALY st Rt 5540 J73, SR BRSO 291K 2 A5 P2 4 i [ 0 K6 ) O 34 R A T 1453
i, %3 RAPD $5 8RNI SRR LN — 2, X — S5 R

L5 LR, A4 FIDNATR S ARTEAM 5 AR 23 AHC, J5 & B R/R B E & Y £
FEME, ARZZTCEE ] =R vk ] LLAAS IR )5 T R AR IE 2540 SORE A A5 5 56 A fa g iy vh v i A o i
TH AR RN RE DG R AR AL R SRR, Sk — 5 DA A BE DA 00 1) A5 28 28 A M B LG PRI A 1 1) 5 T 25 5 2 R
FEA.

4 Sk
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