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BEEO® @ BmEEEQ &40 fgigE@o

W E W s 974928 H + X HI - 97TH- 11 H24H

EES

E R — R AREAE AR WEZMAEYEREME ~ R - B a0 H 85-95%
MARBELAAN LA BERS 28 - ARWFFRIREKFR Bk S (pHS.6) » KH R Z A VIR EE 53 51 L
MBS ~ e~ E i md/ N R BT AL W AL I B R ] — 1 2 5 [ 71T PCR BYIE K - AT
DNA SEFFELZARTE T - R REURTEMBE M0 h - 84 PR F 38 7 SR Bacteroidetes

(55/84) ~ Firmicutes (17/84) ~ Verrucomicrobia (4/84) ~ Proteobacteria (2/84) -~
Spirochaetes (1/84) ~ Tenericutes (1/84) ~ Lentisphaerae (1/84) Jrunclassified Bacteria
(3/84) - AR Z MM > 84 (AR EELE Thermoplasmata i (77/84) » A E
BB By Methanobacteria i - 554 6 ¥REIEHY unclassified Euryarchaeota Y - fEH H 2 5
b > 40 (KRR TAE 36 )l Neocallimastix frontalis » —¥R&5yBIN Aspergillus penicillioides Ei
Paecilomyces sp., 53 “HRAIBIA ARG BIVER R a2 BT - 42 (R BN 6 fHl5Es -
S AR SRR R R ERT e TR e 2 YR RR RIS 2 7 U B I M i R B R R R -

PSR REE A BRI -

s

FE=5 N SRR ECRRZE - MEOhIR FAEYZEME (biodiversity ) FWigek: » HF KKy B e B f 42
YRR B AR R« [RIBLUTSRAIK » VSRR IR R RS B EGRE e — » VSR
o7 EEZ Y (genetic diversity ) ~ 2 EEME (species diversity ) MERERZEEME (ecosystem
diversity ) =fEE453 - T H=FRREVIT V5  EYEBL M < 7 4 RIKYIE Ryl e A IR
HALIMEL » EESREEEE - RIYHEEEREAE T TER - [RIHE — e TR s A SHE
EVVERBIEHEE D) - RSV B 4 IH 140 EEYE (Wilson, 1988) - (HINVE LT

(1) 1T B g e s BT e i S 4 1484 3% -
(2) TTBbeRET e Ra B TR A E R -

(3) BNIEEAREEER -

(4) TTBbe R G RA R FTREH -

(5) #EF# > E-mail:mpcheng@mail.tlri.gov.tw °
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Bk EATRE =T @Y% (Erwin, 1983) - M YIrfEsERIE AR 10°107 2 3% (Bull
et al., 1992) - {HEHMRZ AL A MRS 2308 - KL HATT A0 ER 12 &
MEfE (Bull et al., 1992) - AW ER A4 REAY -G AR AT IRV AL » XA FELER Bk 1y
RERGE - R T A EIEREENE - RIS H RN S e E Lt -

AV TS IRAE A R (AR AR 7 M AR BRI - R RES 3 B AR V) Sk DU B B 28 5
=K A B E Y 1% fE. (Amann et al., 1995; Torsvik and Ovreds, 2002 ) o B 7 EEES]
AL R - AILDER R — SN TR MNP BRRITT e TE R BT » M 28R i
LB EE » MBS RIRENy 2/ N R A R %% (small subunit ribosomal ribonucleic acid,
ssu TRNA) LA - FIFRAGIES [ DL PCR MlE R EEVLEFNERE [ - 15T DNA IR -
WIBEERFEEY 168 RNA ELXIFFofiusE st - RIS BLET 2% Fli S s LA - B e
FACREG B AR YA B ARGE - (H A s B — R T RELE R R K (Pace, 1997) -

HERE R B AR EY & A S S0 EEE 405 A28 - 0 HTEERy - BEE v gl -
H 99% HYGHAE V) Z B B o T B A0t - IKIL - Ry T A FHER B A A MR 8 B 2 ek Ik U A ZE B
TR LAA 5 BERARII A BR - 1T B A EL R ) 7 A R B v AT - BRI AR i H I E 2R
I HR AP DNA - REHE & V)RS e L PP R 1E TR - H R s 2L K A
Ry Z IR FEIRE (metagenome ) - HATEISCASHIRZ M T ER 38 1 2 505G (R o (1 A R DA de =
BAYIEERIMRR » IR 7 — S (SR A I rg# 8 (amylase: Yun et al., 2005, lipase:
Henne et al., 2000; Lee et al., 2004; Kim et al., 2005; Ranjan et al. 2005; Rhee et al., 2005, protease:
Gupta et al., 2002, dehydrogenase: Wexler ef al., 2005, diol dehydratase: Knietsch ef al., 2003,
reductase: Eschenfeldt et al., 2001, antibiotics: Gillespie et al., 2002; Lim et al., 2005) - fEEA * 35
JITHAIRFSERIER A Rl - F 7B A Yy R e — e ORI AR Y R R & B
BB E LW A JIAERCHTII TS 2R L o SR R BB H A NHALERE » N — TRk A
HIRRABREE - WEZMAEEHE - fTllE - HE - JRa IRETS - H 85-95% MUY ARRE
DA T/ 8ERs# (Tajima ef al., 1999 ; Whitford ez al., 2001 ; Shin et al., 2004) - KWL T4
YIBAEHS G R AR B A 2R - DUT e B Rl e ~ il ~ BB Rk T E i e R B
ARRE » T FRIE IR BLRIBE 2R 7 =X » SREU] e FHRY SRR DA, IR BL IR » JARBAE R BT
FEPE SR E PR AR Wl A -

MEERTIIE

L. FEEWERE
H RS BRGNS < Gk AR Bl aL > e pH [HHER 5.6 » RRSLERIFR -70C
RIS SR WRPER i@ BREZIE - DUTAAEY) DNA ZEHLC A -

1. #EE MY DNA & PUE#EEY
FIFRaZ &M (PowerSoil DNA Isolation Kit, MOBIO ) #1798 Bk HHZEY) DNA & Z5HY
R R PR HE A R 20 BRGEET T 2RI -

. FEEMEM SR T

SPRILIHITES ~ A ~ EBR R & 16S/KEE 18S rDNA 5[ 1-# 27F (5'-AGAGTTTGATC
CTGGCTCAG-3', Edwards et al,, 1989) 1 1492R (5-TACCTTGTTACGACTT-3', Wilson et al.,, 1990) -
21F (5°-TTCCGGTTGAT CCYGCCGGA-3') Fil 958R (5’-YCCGGCGTTGAMTCCAATT-3') (DeLong,
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1992.) ~ FF2 (5-GGTTCTATTTTGTTGGTTTCTA-3") FIFR1 (5-CTCTCAATCTGTCAATCCTTATT-3')
(Zhou et al., 2000) K ProtoF (5 -TTTCGATGGTAGATTGGAC-3") Fl ProtoR (5°-
CTTGTTACGACTTCTC CTTCC-3”) (Karnati ef al. 2003 ) > HRBAKERZ ssu rDNA Fr Byl
JHA TA I #EEE (pCR2.1-TOPO, Invitrogen) [ » FLLE R BigDye Terminator 3.1 ( Applied
Biosystems, Foster City, CA) /T EFNHME » A H 2 EF5 784S T7 ~ SP6 ~ 27F ~ 519F  (5'-
GTGCCSGCMGCCGCGGTAA-3', Lane et al., 1985) ~ 519R (5'-GWATTACCGCGGCKGCTG-3', Lane et
al, 1985) K 1492R » Z#%) DNA HEERF# (Applied Biosystems 3730 DNA Analyzer) &5 » #Fs:
Z DNA FF5I[REFA NCBI f8EH (http://www.ncbi.nlm.nih.gov) F » DIBLAST (Basic Local Alignment Search
Tool) (Altschul et al., 1997) FEfTECES - FILAMEZIMRR FTREAR R Z WML 43 » %2 RDP (Ribosomal
Database Project) fEE (http:/rdp.cme.msu.edu) FIJFH#E FFEZ Classfier (Naive Bayesian rRNA Classifier
Version 2.0) F3ATAHEREL (B 16S rDNA kR A RERR & < BRF T - FELARRE ERZ2 Fastgroup 11 #22

(http://biome.sdsu.edu/fastgroup/ ) F3ATHTS DNA FEFI LRI AR - MR/ 4B A, (operational
taxonomy unit, OTU ) HE.Z k{5 -

V. %P5
EHATE 16S tDNA JEF13% A NCBI &#LE (http://www.ncbi.nlm.nih.gov/) - fff5§Z accession
numbers fy FJ028725~FJ028808

SR B R

L. BEMEY/ NREA IR K PCR EY)

ARG EAHZE R S kA MY 2. DNA ISIRISEIZS R B IIR - B E R IR vk o b7
& o HAV/INEIR 23 kb i > AL RIS > b DNA Z5VE BT/ B (2-9 kb) DNA
L o KRB Y] DNA - S3 I DHITER ~ drfllE ~ OB e J5E ssu rRNA BRI H—E2
517-HEfT PCR MK - H PCR EYIANE 1 - Hor 7R/ ISR G ata g ARe -

L BB N BRI RERS IR AL I PCREEY) -

Lane 1 HWHhZ B 2 ¢ e E B 3 S E > 4 Sl E R -

Fig. 1. The PCR products of ssu rRNA genes from rumen microbes.

Lane 1: fungi-specific fragment, 2: protozoa-specific fragment, 3: bacteria-specific fragment, 4: archaea-
specific fragment.
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0. B EHE SR T

A B U E Y R R R BT AR IR ANER 10 84 #RRIBIY 7 R FIBacteroidetes (55/84,
65.5% ) ~ Firmicutes (17/84, 19.0% ) ~ Verrucomicrobia (4/84, 4.8% ) ~ Proteobacteria (2/84,
2.4%) ~ Spirochaetes (1/84, 1.2%) ~ Tenericutes (1/84, 1.2%) ~ Lentisphaerae (1/84, 1.2%)
53 4 BRFR Ty unclassified Bacteria (4.8%) (3% 1) < 534k - DUFERUE 97% DA B2 HRRTs[Al—
OTU - HIH:4 69 il OTU » Hrh Bacteroidetes|& 55 {H1k25 Fy 44 il OTU » Firmicutes J& 17 {@fk
F43 K 15 i OTU » HAEw < bR EEE OTU BHHE » X E iR AR E s - g
PR 82.1% (69/84) BHRs ARl A WERG I 2K o T SCHkH 2L A4-9 B M B 2 B e A Mt SR TR
i 2 HF78E Bacteroidetes (61.5%) » X% 3F By Firmicutes (34.6% ) (&% > 2006) -
BRI SRS SR « b4 - Whitford e al. (1998 ) RIZEBLF A BB R LL Firmicutes T ks =
(55%) - Bacteroidetes WKz (30%) » BAZARWISEAEES - 7RG FIRYREEEAEML - (HARRTEFTAG
FIE 43 FLRIR ]« B R AR A8 B MU R R B ER - RS2 /K 24998 B B P R R 5 HIi oK
An et al. (2005) Wi5eARFEL (F24: @ Bos grunniens and Jinnan cattle: Bos taurus) $4'5 A%
Bt H B R EMEEEM s 54.1% & LGCGPB (low G+C Gram-positive bacteria )
Bi 30.9% 2 Bacteroidetes » Jinnan 254 &l 58 B )& &8 M R 53 B ks Bacteroidetes (39.6% ) -
y-Proteobacteria (26.9% ) and LGCGPB (22.3%) - 7r[RIfH4= 52581 5 H FmEl1S 2 il s P e B PG R
A 43 B PTRENSL IR Ry B Al o Bl KA [F) B PR AR 1 VR IRF RIS R] - AEAE A A i A8 B R M B
TEXEAIFT R BT A - APTRE R RN R o B B A A T & B H - B E R A AN ]

x 1. Gk AR AR A

Table 1. Distribution of rumen bacteria in Taiwan water buffalo

Phvl Number % of Total % of Major Class Major Order
um
v of clones clones OTUs OTUs (number of clones) (number of clones)
Bacteroidetes 55 65.5 41 59.4  Bacteroidetes(53) Bacteroidales(53)
Firmicutes 17 20.2 15 23.2  Clostridia(15) Clostridiales(14)
Verrucomicrobia 4 4.8 4 5.8  Verrucomicrobiae(4) Verrucomicrobiales(4)
Gammaproteobacteria(l) Aeromonadales(1)
Proteobacteria 2 2.4 2 2.9 .
Alphaproteobacteria(1)  Unclassified(1)
Spirochaetes 1 1.2 1 1.4 Spirochaetes Spirochaetales
Tenericutes 1 1.2 1 1.4 Mollicutes Anaeroplasmatales
Lentisphaerae 1 1.2 1 1.4 Lentisphaerae Victivallales
Unclassified Bacteria 3 3.6 3 43

Total 84 69
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& 2. SRR R R 2 R A

Table 2. Distribution of rumen archaea in Taiwan water buffalo

Number of % of Total % of

Phylum Class Order clones clones OTUs OTUs
Thermoplasmata Thermoplasmatales 77 91.7 7 63.6
Euryarchaeota Methanobacteria Methanobacteriales 1 1.2 1 9.1
unclassified Euryarchaeota - 6 7.1 3 23.3
Total 84 11

. 8 il B 2 AR T S AT
T B 2R MRS AT - 84 MEARR R T 2| Thermoplasmata TR (77/84, 91.7% ) B
Methanobacteria (1/84, 1.2%) » BI=Fk (6/84, 7.1% ) BB unclassified Euryarchaeota [
(& 2) ° 77 {fl Thermoplasmata &2 k25 By Thermoplasmatales B H HA%5y B 7 OTUs -
H—#R 8k Methanobacteria BH#il Methanobacteriales H Methanosphaera &7 It HE @ 8 E
BEAERREZ SRR « K TR TR 84 BB E S By 11 8 OTUs (11/84, 13.1%) » M
BB (82.1%) /[N o An et al. (2005) RITEFEAE T EME M 14 MR » 43 0% 2 f OTUs » &8
Methanobrevibacter sp. » FLTHIIHBEZE A= tERH < o HE BB - EE R R B RAmEE - B
WiZeAR: » SRR 2 % - R B 2 5 [ 7R3 [ F Cuniversal primer) 776
B3| T o RTRI R P 7.22% R - B A - TR AT
T BEAR TR A5 - BRI H R il B8 2 BRI B R/ NF 2« BRAh > SRR SERE AL
(merino sheep) Z#FHH - 78 {HEHIEMRFA 26 EARFFS (OTU) » Hr 8 {li§ OTUs (15
fEFRR ) B Methanobacteriales H » HAth 18 fEOTUs (63 ¥R2) 72-75% FEAUR Thermoplasma
acidophilum B Thermoplasma volcanium ( Wright et al., 2006) - G5BT RE RATE —2 -

IV. %35 H R e SRk i

TFEEZEES M 0 40 (HER PR 36 {EER Neocallimastix frontalis (36/40, 90.0% ) » —
RZ BN Aspergillus penicillioides Bl Paecilomyces sp. (2/40, 5.0% ) » 55 “HRHEIB I RESEH
HE (2/40, 5.0%) - ILEAF A E H R SR s R8I (B » 2006) - Neocallimastix J&
ZEBEAREKE ST (98.7%) © TR eS0T 42 (AR 6 Ml s (R 3) - EfE
Epidinium caudatum (4/42,9.5%) ~ Eudiplodinium maggii (10/42,23.8% ) ~ Diplodinium dentatum
(15/42, 35.7% ) ~ Cycloposthium ishikawai (6/42, 14.3% ) ~ Polyplastron multivesiculatum (5/42,
11.9%) ~ Dasytrica ruminantum (2/42,4.8% ) > [fij Shin et al. (2004 ) FFA 9GS B & I i b
A& Entodinium (69.6% of clones) and Epidinium (31.4% of clones) - BAZAMIZEZ #5RAH R
1 HAERMEHEERX -
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3. KA R IR E S R AT

Table 3. Distribution of rumen protozoa in Taiwan water buffalo

Species Number of clones % of clones
Diplodinium dentatum 15 35.7
Eudiplodinium maggii 10 23.8
Cycloposthium ishikawai 6 143
Polyplastron multivesiculatum 5 11.9
Epidinium caudatum 4 9.5
Dasytrica ruminantum 2 4.8

F A LA LTS A ARAEE R 90% MR BN RS RS E R HNE TS - HZ

e MR RIEHY 7 EEFY Bacteroidetes ~ Firmicutes ~ Verrucomicrobia ~ Proteobacteria ~

Spirochaetes ~ Tenericutes ~ Lentisphaerae ; T 5l % J@VEEEE R Thermoplasmata ; BEFFER DL

Neocallimastix frontalis J3¥ 5 [R&kRIIDL Diplodinium dentatum Jy Eudiplodinium maggii {5281

b o RIBERTAD > RS AR SRR R S - ERZ AT EL s e 2 Y AR R BE B G U E R
FAEA] -

Abad]

AREHTEE R R B E OB SRy (96 2R} -11.1.4- & -L1) - ERAFTLER & RIS R MG
BRI B AR - ATTEETELISERR - REEGH T -

PN

BCE IR~ BOCHE - IR - BRiR - R - Y - 2006 o I ETEMIZARIE T -
W Eas 35 (T +123 -
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Abstract

Rumen is a special, complicated, and anaerobic environment consisting of different microorganisms
such as bacteria, archaea, fungi, and protozoa. About 85% to 95% of these microbes are very hard to cultivate
individually in the lab. In this study, the rumen fluid (pH 5.6) from Taiwan water buffalo was collected to
extract microbial DNA and to amplify the small subunit rRNA genes of bacteria, archaea, fungi and protozoa
with their specific sets of primers, respectively. The amplicons were then ligated into TA cloning vector for
DNA sequencing and microbial diversity analyses. The results indicated that there were 7 bacterial phyla
among 84 bacterial clones, including Bacteroidetes (55/84), Firmicutes (17/84), Verrucomicrobia (4/84),
Proteobacteria (2/84), Spirochaetes (1/84), Tenericutes (1/84), Lentisphaerae (1/84), and unclassified Bacteria
(3/84). The Thermoplasmata Class (77/84) was the most abundant and diversified phylogenetic group,
followed by the Methanobacteria (1/84) Class, according to archaea diversity analysis of 84 clones. The other
6 clones belonged to Phylum of unclassified Euryarchaeota. In fungal diversity analysis, 36 of 40 clones were
identified as Neocallimastix frontalis and two clones as Paecilomyces sp. and Aspergillus penicillioides. The
other two clones were recognized as uncultured fungi. Besides, 6 species of protozoa were found in protozoan
diversity analysis of 42 clones. Based upon the results above, the bacterial diversity of rumen was the most
abundant among the four kinds of microbes. Therefore, it is possible to discover some novel enzyme genes

through the metagenomic approach.

Key words : Rumen, Microorganism, Diversity.
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