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Relationship between DNA fingerprinting structure of plankton community and physico-
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Abstract: Plankton are considered good indicators of water quality because they are highly sensitive to the environmental variation in
their short life spans. However, traditional studies on plankton community constructure have depended on taxonomic identification
which has historically been a difficult task. Recently, different fingerprinting techniques have been developed and applied
successfully to analyze the community structure of bacterial and picoplankton. However, little is known to the whole plankton
community. In this study, we analyze DNA polymorphism of plankton communities in five different sampling stations of Lake
Niushan by RAPD and PCR-DGGE and explore the relationship between DNA fingerprinting structure of plankton communities and
environmental physico-chemical factors. The results were: (i) 9 of 40 screened random primers used in the study amplified a total of
93 observable bands, 58 of which were polymorphic; the mean number of amplified bands at different sampling stations was 67, and
station V had the maximum number (74) and station | had the minimum number (61); (ii) a total of 102 bands (56 of 16S rDNA
bands and 46 of 18S rDNA bands) were detected by PCR-DGGE, station III, IV, and V had more bands, station [ and Il had few
band; (iii) total phosphorus (TP), chlorophyll-a, chemical oxygen demanded (COD), hardness, and conductance rate at station Il were

the highest; dissolved oxygen (DO) and pH value were not obviously different among five stations. Based on physico-chemical factors,
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station [, III, IV, and V were grouped into a cluster, station Il grouped into a single cluster. Based on RAPD markers and
PCR-DGGE markers, five sampling stations can be grouped into two clusters: station [ and Il were grouped into a cluster, and station
I, IV, and V were grouped into the other cluster. In conclusion, the DNA fingerprinting structure of plankton community was
closely related to total phosphorus (TP). DNA based community level analysis is a fast, easy, accurate method to reflect the water
quality, and such data accumulation will play an important role in constructing one easy and sensitive molecular system for water
quality assessment.
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Fig.1 Distribution of sampling stations in Lake Niushan
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1.3 DNA $2E

] PR AR MU RE S R IAL 400 ] 2447 5 (0.5%SDS; 10mMTris-Cl, pH=8.0; 0.1M EDTA, pH=8.0; & il
K, 10mg/mL), T 53°C/K¥ 17 245 250 (8000 #%/min, 10min)If¥f FIHFEA—H R B0, FR LAY
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filfl & (Hardness) } Fi, 5% (Conductance rate)fifm; 45U &[] (OD) A pH 2257 5/N. # OECD1982 4E11)
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Tab.1 Physico-chemical factors of each sampling station in Lake Niushan

e MTEER g W(OD) EREENL (COD)  BEE  EWK(TP) LR
(pg/L) (mg/L) (mg/L) (dH) (mg/L) (ms/cm)

I 3.822 8.21 8.5 2.272 4.333 0.026 0.174
I 9.282 8.44 8.3 2.464 4.808 0.037 0.193
I 3.276 8.01 7.6 2.176 4.333 0.022 0.175
v 3.276 8.07 9.6 2.464 4273 0.022 0.165
\4 1.638 8.52 9.6 2272 4.155 0.019 0.170

2.2 RAPD ¥ 18

DA R 9 Z5REALE 4% DNA 17948, JLA35) 93 4K EEAE 250-2000bp (1387, Mo 58%M 4417
M. 514 OPM-3 U M4 i/, o 8 4% 714 OPM-14 P IGHI&iz, H 14 4%, 519
OPM-11, OPM-13, OPM-15, OPG-2. OPG-10. OPG-13 K OPG-18 ¥J# #4111 9-12 4% i M s By ik
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# 29 ZKRBENLS 19 S RAPD #3454
Tab.2 Nine random primers and their RAPD amplified results

5149 BT 5(5' % 3") T P14 B B K/ (bp) JEH LR
OPM-3 GGGGGATGAG 8 400-1700 50%
OPM-11 GTCCACTGTG 11 400-1700 91%
OPM-13 GGTGGTCAAG 11 250-1100 73%
OPM-14 AGGGTCGTTC 14 270-1800 71%
OPM-15 GACCTACCAC 12 300-1500 58%
OPG-2 GGCACTGAGG 9 300-2000 44%
OPG-10 AGGGCCGTCT 9 350-1100 449%
OPG-13 CTCTCCGCCA 10 350-1500 60%
OPG-18 GGCTCATGTG 9 350-1200 33%
Bt 93 250-2000 58%

% 3 ar Ui bRl RAPD M HAZEA (1 ARSRATAAR, 0 (RRICAR)
Tab.3 RAPD amplified results of each sample (1 stands for bands, 0 stands for no bands)

OPM-3(8) OPM-11(11) OPM-13(11) OPM-14(14)  OPM-15(12)  OPG-2(9) OPG-10(9) OPG-13(10) OPG-18(9) Aif"

I I11rrror - 01011101110 01111001000 00001111111111 011101110011 000011111 011101110 0010101101 011111111 61
11 10111110 10101101111 11110110110 10001111110010 011101111010 010011111 011101100 0010111111 011101110 62
m Lorreer 11110101110 11111101010 00111111010000 111100111001 111111111 011111110 1111111101 111111110 71

11011111 00101111101 11111111001 00110111010100 111100111010 110111111 111111100 1110110101 111101110 67
A 11011110 10101010110 11111100011 11101111110100 111110111110 111111111  OITITILIIIl 1111110111 111101111 74

MY 54255543 32424424542 45554423132 21324555351321 355512554142 342355555 155535531 3352543525 355525552
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i BT 0 14%, B R 28PN N 63%, AUH BUE— b a5 AT 5 IS 130%.
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Fig.2 DGGE profiles of prokaryotic community DNA (A) and eukaryotic community DNA (B)

%64 16S IDNA-DGGE 5 18S rDNA-DGGEY" B34
Tab.4 PCR-DGGE bands of the 16S rDNA and 18S rDNA

514 | I m \Y A% BAHE  fEaEaE daans
F357GC  R518 41 43 33 47 40 56 8 27
F1427GC R1616 22 21 32 30 40 46 14 17
et 63 64 65 77 80 102 22 44
2.4 BENK

FILTRAPDIELSUAIPCR-DGGEFE ST A RIS 45 SR B SN0 5 vl LA A2 520 T oA T i SR — 3k,
Mk IVESFTV 5588 75— 2 (FI3AFIB)Y; X 54U S A BRALEE bRAEHE T RIS hT, S5 mon: T3l Tk,
IVuifn Valioh—3, T sh R h—37(830).
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Fig.3 The similarity clustering of the DNA fingerprinting of plankton community and physico-chemical factors

from different sampling stations in Lake Niushan
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TS DL, 38 5 B BEAILE | XA BT AT R A S R A e S I N T s AR SRR Y
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ZHMNREE W, R, PCR-DGGER SR R 2RI AN REXT B A L FH A S 756, AR
BRI R B (S00bp AR, By 1 BE AT B T RE. I8P RAPDHE 8(H AR FIPCR-DGGEHE 8l H A (1 B
Mk, RIS, ARSCE A M PIFN R SUR AR /R T ML R R 4 LU 102 i A PR S DNA $R 40
g5, IR TSR E FZ R SC R,

MHEF RAPD AR E M, ABFSEx4f DNA, ANTP, Mg™"| Taq . 514 ) PCR EHSEGHAT
T, RS L. 2R . FFIEWI 9 &5, TR DL LERE Y. RAPD 540
PCR-DGGE 88 EIIEREEE R G, IFHB Rt 5 Aub S BRI AR YRR SR S5 A i i 2 25
S SR AR E AT A R AY RS BC LL T uh AN T b A, W LATIL: . IVuh AN Valige &, RPILS . IV
SRV SR E Y 2R T T A s, B E TR GRS DNA FRLUREYRH T A+
I VIRV S, TR E Y% DNA $R8045H 5 3L T B4 — @ H DG, Bk = 50 & 3R
FEWITRIE A Y DNA 8805V &t B UIHICHY. AHEST o 450l 5 iRl AE W B I8 AR ) 22 5 T BRI (R
TSR S B 0 I, [T S & BB, KB T B aaas, Mk, IVEiAV s S & &
BAR, AKPAAFHEFRRE. — ik, SR E R, BiE SRR, MAERE
FE B B RN, REAE AT 2 MR A BORhS, BEVE S R Ll, L2 REME AR, fdE kB,
b PRI A ) 2 FE AR T ot o, X SRR DI IR I E WS DNA Fe80450 SYR AR R
KRRl AR A e A, Ty | IV AN V sl i 2 A 1R —B00. SRR EENAEREER, i
B S V7 T A A (A5 AT 2 0 ) 14 A T e K A AR g T Sl Rl 5 ik A s A P R,
LR o, i & B PSS — I F R Microcystis sp. 7E 1wl L ¥ i K &k 4, e dednin
T4 o) KA R TGS R i AR s 1 T R R, DAIIRARAIR 1 1 sl I ol i e A M (R i o 2 R

X FRAPDIM 7, DNABRAENPCRY M — A FEHI A FE, AHASAA BN T, 26 24DNA
(R B 5 B — R (BN A BESRAR AR (O 5™ S, AR O 3 i P 27 X0 5 | R S SRS 0 5 G A L), X
FPCR-DGGET 75, AIFJ¥ 51 () DNA J 7 ] A 23 32 8 2 6l — A~ 8 1. IR RAPDHE S A iE 2
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DNAZMHTREFIAE . R . s S WK BCRBL, 3375 TR B SR T LRy S — b T 531 A= 423 i
M AR K PRI 1R 2 4 R AR Bl

4 SELWk

[1] SR, PRMelE, XIBTAAE. KT DR sh RS . B4 Al S REbE. AR 752541, 2003, 23(5): 892-900.

[2] AREKAF, 81 B, BRFEWLAE. JTRE R P ARMKOK R E TR IR SR U E W i . AR SR, 2003, 23(6): 1101-1108.

[3] VFAJE, & 7%, BUIOWEAR. R AR R A A0 BRI PR A WIS SRR TR RE ORI S, AR 2R, 2002, 10
(1): 38-43.

[4] REM, KLE, BIKZ . DNASELM T HORTER TR PR A RGUN M AT BENE. KA A2 92741, 2004, 28(5): 457-463.

[5] BUkz, KRE M, AR, 7270 A Y RVEDNATS SCS BAGIN F I G R, KA A2 4R, 2005, 29(6): 601-605.

[6] Bikz, AREM, skICH. ORI A Y RVEDNAZ S S BB k. £, 2005, 25(3): 461-465.

[71 Yan QY, Yu YH, Feng WS et al. Genetic diversity of plankton community as depicted by PCR-DGGE fingerprinting and its
relation to morphological composition and environmental factors in Lake Donghu. Microb Ecol, 2007, 54(2): 290-297.

[8] Williams JGK, Kubelik AR, Livak KJ ef al. DNA polymorphism s amplified by arbitrary primers are useful as genetic markers.
Nucl Acids Res, 1990, 18(22): 6531-6535.

[91 Muyzer G, Dewaal EC, Uitterlinden AG. Profiling of complex microbial populations by denaturing gradient gel electrophoresis
analysis of polymerase chain reaction-amplified genes coding for 16S RNA. Appl Environ Microb, 1993, 59(3): 695-700.

[10] Van Hannen EJ, Van Agterveld MP, Gons HJ et al. Revealing genetic diversity of eukaryotic microorganisms in aquatic
environments by denaturing gradient gel electrophoresis. J Phycol, 1998, 34(2): 206-213.

[11] Franklin RB, Taylor DR, Mills AL. Characterization of microbial communities using randomly amplified polymorphic DNA
(RAPD). J Microbiol Methods, 1999, 35(3): 225-235.

[12] EBLAK, Holmstrom C, Webb T er al. ZBVEAS B BERE HL Uk (DGGE)TE A= 9y A 382 h U R . AR 252441, 2003, 23(8):
1561-1569.

[13] Boon N, Marle C, Top EM et al. Comparison of the spatial homogeneity of physico-chemical parameters and bacterial 16S
rRNA genes in sediment samples from a dumping site for dredging sludge. App! Microbiol Biotech, 2000, 53(6): 742-747.

[14] Vallaeys T, Topp E, Muyzer G et al. Evaluation of denaturing gradient gel electrophoresis in the detection of 16S rDNA
sequence variation in rhizobia and methanotrophs. FEMS Microb Ecol, 1997, 24(3): 279-285.

[15] P HoKWIA A EBE G0 2235 AR A KL . A (D4), 2005, ST ID): 11-23.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


