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Abstract: There is a symbiotic relationship between the huge ruminant microflora, which plays a crucial
role in the metabolic mechanism of ruminant animal. This makes the ruminant microflora as a hotspot. Using
methods of molecular biology such as probe methods, Real-time PCR DGGE/TGGE, RAPD and RFLP to
study ruminant microbial ecology and metagenomic methods including YAC library and BAC library to
study ruminant microflora functionality would attain the aim to approve the quality of milk and meat,

meanwhile to explore the abundant resources of ruminant microflora.

Keywords: Ruminant microflora, Diversity, Functionality, Methodology

=2
1 5|5 ’
2
b b ; 9
b
EEWHE: “ >z (No. 2006BAD04A00, No. 2006BAD12B08);
[No. 2004DA12584( )0801]
*JBITAEH: Tel: 010-62810458; D<I: burdenpan@gmail.com © E]ﬂ?F)S“Eﬁ”i{%ﬁﬁ?tﬁﬁﬁﬂ:ﬂﬁ?\é?éﬁiﬁ%l? http://journals. im. ac. cn

Yt HER: 2008-06-20; == HER: 2008-09-04



1962

g ER 2008, Vol.35, No.12

2 REBMEMHTIREE

20 50 ,
, Hungate RE!" RGCSA
( + + + + ),
60 ,
20 70 ,
[2].
,  Lachnobacteium bo-
vis! Eubacterium pyruvativorans ¥ 20
70 ,
, —DNA ,
20 70 )
: Howard D!
Xue!® Neocallimastix patriciarum
’ 7 5
90 ,

http://journals.im.ac.cn/wswxtbcn

” Hattori ®
39

Proteobacteria

Fusobacteria Firmicute, 39

3 JEBEMAEY SRR TR T RS

3.1 ETF 16S rRNA S HTB B HEYR 14
3.1.1 ETF 16S rRNABXE L (E B IR A

REEMERR: Stahl” DNA(16S
T Species-speciric
RNA) (species-specific)

(group-specific)
Lin!"
16S rRNA

Lin Stahi!'! (genus-specific)
(subspecies-specific)
(taxon-specific probes)
Fibrobacter ,

(Fibrobacter succinogenes)

Krause Russel!”

Shi'?!
Weimer!'*
(Ruminococcus ablus)
(Ruminococcus flavefacien)

(4l RDP

3.1.2 LR EEPCREAMREBHMER: 20 90

s PCR ,
Real Time PCR PCR S
PCR
Tajima!'’! Real-time PCR
Sylvester!'®
Real-time PCR
(7] Real-time PCR

© PEMZERBEDAXAATESwELE http://journals. im. ac. cn



1963

s Real-time PCR
Methanobacterium formicium
(Ciliate protozoa)
(Butyrivibrio fibrivolen) ,

(18] (Anaerovibrio

lipolytica)
PCR ,

3.1.3 DGGEFMTGGER K# 5 & B M E ¥ rIA X
Z5#9: DNA (fingerprinting techniques)
(denaturing gradient gel electrophoresis, DGGE)
(temperature gradient gel electro-
phoresis, TGGE)
DGGE [19,20]’
DNA )

(DGGE TGGE )

GC 40

GC ), DNA ,

B

Kocherginskaya”'! DGGE

, 16S rDNA 3
DGGE ,

16S tDNA v3

Regensbogenova McEwan!?*%*] DGGE

E

Karnati Ohene-Adjeit***! DGGE

3.1.4 RAPD. RFLPE AMRBEEMEYEZ S%:

, RAPD(random amplified poly-
morphic), RFLP(Restriction fragment length poly-
morphism)  T-RFLP(Terminal restriction fragment
length polymorphism), AFLP(amplified fragment
length polymorphism), RISA(ribosomal intergenic

spacer analysis) Avgustin!®® RFLP

29
Wood”! 16S rRNA/fDNA RFLP
26 6 11
Peil RFLP Jinnan
, 25
Euryarchaeota

32 BEWMEVMEERAFNESH

(metagenomics)
1998 , Jo Handelsman
[29]
DNA
/
, DNA
(plasmid) (cosmid)

(yeast artificial chromosom, YAC)

(bacteria artificial chromosom, BAC)

B

3.2.1  JRfi(plasmid)3Z - (30]

>

7.98%10*> Mb

>

DNA

3.2.2 $5KIFN YAC 3LFE: DNA

© PEMZRBEDARAATIESwRELEE http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1964

#od g A

2008, Vol.35, No.12

(cosmid) ,
45 kb,

24 kb
DNA

>

20 kb~45 kb DNA

[32]

DNA

>

1995 , Call®® YAC
750 kb, YACs

El

DNA
YACs

3.2.3 BACXFE: 1992

300 kb
. YAC

>

500 kb)

BAC
15360 :
2%,

16

4 RE

(gene cluster)?*!,
[35]

, DNA

YAC

YAC

, Shizuya ©*”! BAC
BAC ,

BAC

[38,39]

[40,41]

, BAC

DNA

( 80 kb~200 kb,
[42]

54.5 kb,
837 Mb,
BAC

26,

2  BAC

http://journals.im.ac.cn/wswxtbcn

2 % X Wk

[1] Hungate RE. The anaerobic mesophilic cellulytic bacteria.
Bacteriol Rev, 1950, 14: 1-63.

[2] Bauchop T. The rumen anaerobic fungi: colonizers of
plant fibre. Ann Rech, 1979, 10(2-3): 246-248.

[3] Whitford MF, Teather RM, Forster RJ. Phylogenetic
analysis of methanogens from the bovine rumen. BMC
Microbiology, 2001, 1: 1-5.

[4] Wallace RJ, McKain N. Eubacterium pyruvativorans sp.
nov., a novel non-saccharolytic anaerobe from the rumen
that ferments pyruvate and amino acids, forms caproate
and utilizes acetate and propionate. Int Jsyst Evol Micro-
bio, 2003, 153: 965-970.

[5] Howard GT, White BA. Molecular cloning and expression
of cellulase genes from Ruminococcus albus 8 in Es-
cherichia coli Bacteriophage A. Appl Environ Microbiol,
1988, 54(7): 1752-1755.

[6] Xue GP, Orpin CG, Gobius KS, ef al. Cloning and expres-
sion of multiple cellulase cDNAs from the anaerobic ru-
men fungus neocallimastix patriciarum in Escherichia coli.
Journal of General Microbiology, 1992, 138: 141-1420.

[71 Krause DO, Russell JB. An rRNA approach for assessing
the role of obligate amino acid-fermenting bacteria in ru-
minal amino acid deamination. App! Environ Mcrobiol,
1996, 62(3): 815-821.

[8] Hattori K, Matsui H. Diversity of fumarate reducing bac-
teria in the bovine rumen revealed by culture dependent
and independent approaches. Anaerobe, 2008, 14(2):
87-93.

[9] Stahl DA, Flesher B, Mansfield HR, et al. Use of phy-
logenetically based hybridization probes for studies of
ruminal microbial ecology. Appl Environ Microbiol, 1988,
54:1079-1084.

[10] Lin C, Raskin L, Stahl DA. Microbial community struc-
ture in gastrointestinal tracts of domestic animals: com-
parative analyses using rRNA-targeted oligonucleotide
probes. FEMS Microbiol Ecol, 1997, 22: 281-294.

[11] Lin C, Stahl DA. Taxon-specific probes for the cellu-
lolytic genus Fibrobacter reveal abundant and novel
equine-associated populations. Appl Environ Microbiol,
1995, 61: 1348-1351.

[12] Shi Y, Odt CL, Weimer PJ. Competition for cellulose
among three predominant ruminal cellulolytic bacteria
under substrate-excess and substrate-limited conditions.
App! Environ Microbiol, 1997, 63: 734-742.

[13] Shi Y, Weimer PJ. Competition for cellobiose among three
predominant ruminal cellulolytic bacteria under sub-
strate-excess and substrate-limited conditions. Appl Envi-

© FEMZFREMEIARMATIERSHEL http://journals. im. ac. cn



1965

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

ron Microbiol, 1997, 63: 743-748.
16S rRNA

,2002.
Tajima K, Aminov RI, Nagamine T. Diet-dependent shifts

in the bacterial population of the rumen revealed with
Real-Time PCR. Appl Environ Microbiol, 2001, 67:
2766-2774.

Sylvester JT, Karnati KR, Yu Z, et al. Development of an
assay to quantify rumen ciliate protozoal biomass in cows
using real-time PCR. The Journal of Nutrition, 2004, 134:
3378-3384

, ) PCR

, 2006,
39(1): 161-169.

,2007.

Fischer SG, Lerman LS. DNA fragments differing by sin-
gle basepair substitutions are separated in denaturing gra-
dient gels: correspondence with melting theory. Proc Nat
Acad Sci. USA, 1983, 80: 1579-1583.

Mayer F, Coughlan MP, Mori Y, et al. Macromolecular
organisms of the cellulolytic enzyme complex of Clos-
tridium thermocellum as revealed by electron microscopy.
Appl Environ Microbiol, 1987, 53: 2785-2792.
Kocherginskaya SA, Aminov RI, White BA. Analysis of
the rumen bacterial diversity under two different diet con-
ditions using denaturing gradient gel electrophoresis,
random sequencing, and statistically ecology approaches.
Anaerobe, 2001, 7: 119-134
Regensbogenovq M, Pristas P, et al
Assessment of ciliates in the sheep rumen by DGGE.
Letters in applied microbiology, 2004, 39(2): 144—147.
McEwan NR, Abecia L, Regensbogenova M, ef al. Rumen

P, Javorsky

microbial population dynamics in response to photoperiod.
Letters in Applied Microbiology, 2005, 41: 97-101.
Karnati SK, Sylvester JT, Noftsger SM, et al. Assessment
of ruminal bacterial populations and protozoal generation
time in cows fed different methionine sources. Journal
Dairy Science, 2007, 90(2): 798—809.

Ohene-Adjei S, Teather RM, Ivan M, et al. Post inocula-
tion protozoan establishment and association patterns of
methanogenic archaea in the ovine rumen. Appl Environ
Microbiol, 2007, 73(14): 4609-4618.

Avgustin G, Wright F, Flint HJ. Genetic diversity and
phylogenetic relationships among strains of Prevotella
(Bacteroides) ruminicola from the rumen. Int J Syst Bact,
1994, 44: 246-255.

Wood J, Scott KP, Newbold CJ, et al. Estimation of the
relative abundance of different bacteroides and prevotella
ribotypes in gut samples by restriction enzyme profiling of
PCR-amplified 16S rRNA gene sequences. Appl! Environ

(28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

© ERFRHEDIRITATIE S

Microbiol, 1998, 64(10): 3683-3689.

Pei C, Mao S, Zhu W. Molecular diversity of rumen Ar-
chaea from Jinnan cattle. Wei Sheng Wu Xue Bao, 2008,
48(1): 8—-14.

Handelsman JO. Metagenomics: application of genomics
to uncultured microorganisms. Microbiology and Mo-
lecular Biology Review, 2004, 68: 669—685.

,2005.

Huang B, Whitchurch CB. A minimal tiling path cosmid
library for functional analysis of the Pseudomonas
aeruginosa PAO1 genome. Microb Comp Genomics, 2000,
5(4): 189-203.
Christine ML, Joel MJ. The Bartonella henselae sucB
gene encodes a dihydrolipoamide succinyltransferase
protein reactive with sera from patients with cat-scratch
disease. Med Microbiol, 2004, 53: 1221-1227.
Qiong C, Stuart M, Thomas, et al. Genetic analysis of a
gene cluster for cyclohexanol oxidation in Acinetobacter
sp. strain SE19 by in vitro transposition. Bacteriol, 2000,
182: 4744-4751.
Entcheva P, Liebl W, Johann A, et al. Direct cloning from
enrichment cultures, a reliable strategy for isolation of
complete operons and genes from microbial consortia.
Appl Environ Microbiol, 2001, 67: 89-99.
Béja O, Koonin EV, Aravind L, et al. Comparative ge-
nomic analysis of archaeal genotypic variants in a single
population and in two different oceanic provinces. App!/
Environ Microbiol, 2002, 68: 335-345.
Cal L, RAylor JF, Wing RA, et al. Construction and char-
acterization of a bovine bacterial artificial chromosome
library. Genomics, 1995, 29: 413-425.
Shizuya H, Birren B, Kim UJ, et al. Cloning and stable
maintenance of 300-kilobase-pair fragments of human
DNA in Escherichia coli using an f-factor-based vector.
Proc Natl Acad Sci USA, 1992, 89: 8794-8797.
Kim UJ, Shizuya H, Birren B, et al. Selection of chromo-
some 22-specific clones from human genomic BAC li-
brary using a chromosome-specific cosmid library pool.
Genomics, 1994, 22(2): 336-339.
Asakawa S, Abe I, Kudoh Y, et al. Human BAC library:
construction and rapid screening. Gene, 1997, 191(1):
69-79.
Tomkins JP, Davis G. Construction and characterization of
a deep-coverage bacterial artificial chromosome library
for maize crop. Science, 2002, 42: 928-933.
Wenzl P, Carling J. Diversity Arrays Technology (DArT)
for whole-genome profiling of barley. PNAS, 2004, 101:
9915-9920.

BAC

, 2006.

2

http://journals.im.ac.cn/wswxtbcn

SR  http://journals. im. ac.cn



	瘤胃微生物多样性及功能性研究方法概述 
	李  旦1  王加启1  卜登攀1*  刘开朗1  赵圣国1,2  于  萍1  李长皓1  魏宏阳1  周凌云1 
	Advances in Methodologies of Ruminant  Microbial Ecology and Functionality 
	LI Dan1  WANG Jia-Qi1  BU Deng-Pan1*  LIU Kai-Lang1  ZHAO Sheng-Guo1,2  YU Ping1  LI Chang-Hao1  WEI Hong-Yang1  ZHOU Ling-Yun1 

	1  引言 
	2  瘤胃微生物的研究简史 
	3  瘤胃微生物多样性及功能方面的研究 
	3.1  基于16S rRNA分析瘤胃微生物的多样性 
	3.2  瘤胃微生物宏基因组学功能分析 

	4  展望 
	参 考 文 献 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /LeaveColorUnchanged
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


