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°“√ª√–¬ÿ°µå„™â‡∑§π‘§ PCR-DGGE „π°“√»÷°…“§«“¡À≈“°À≈“¬

¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π

Application of  PCR-DGGE technique to study rumen
microbial diversity
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∫∑π”

°“√»÷°…“§«“¡À≈“°À≈“¬¢Õß®ÿ≈‘π∑√’¬å„π

 —µ«å‡§’È¬«‡Õ◊ÈÕßπ—∫«à“¡’§«“¡ ”§—≠  ‡π◊ËÕß®“°Õ“À“√

∑’Ë°‘π‡¢â“‰ª®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ°√¥‰¢¡—π∑’Ë√–‡À¬‰¥âßà“¬

(volatile fatty acid, VFA) ·≈–®ÿ≈‘π∑√’¬å¡«≈√«¡

(microbial biomass) ´÷Ëß‡ªìπ·À≈àß¢Õßæ≈—ßß“π·≈–

‚ª√µ’π∑’Ë¡’§ÿ≥¿“æ·°àµ—« —µ«å ·µà∑’Ëºà“π¡“‡√“∑√“∫

‡æ’¬ß«à“ ®ÿ≈‘π∑√’¬å°√–®“¬µ—«„π°√–‡æ“–√Ÿ‡¡π‚¥¬

¬÷¥‡°“–µ“¡Õπÿ¿“§Õ“À“√  À√◊Õ “¡“√∂®—¥·∫àß°≈ÿà¡

‰¥â‡æ’¬ß™π‘¥∑’Ë¬÷¥‡°“–Õ“À“√·≈–°≈ÿà¡∑’ËÕ‘ √– À“°»÷°…“

®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π®–π”‰ª Ÿà°“√Õ∏‘∫“¬°“√

Õ¬Ÿà√à«¡°—π√–À«à“ß®ÿ≈‘π∑√’¬å°—∫ —µ«å·≈–®ÿ≈‘π∑√’¬å

¥â«¬°—π‡Õß °“√‡æ‘Ë¡º≈º≈‘µ —µ«å„Àâ Ÿßπ—Èπ®”‡ªìπµâÕß

„Àâ‡°‘¥§«“¡ ¡¥ÿ≈¢Õß°√–∫«π°“√¬àÕ¬Õ“À“√·≈–

°√–∫«π°“√À¡—°¢Õß®ÿ≈‘π∑√’¬å∑’Ë‡À¡“– ¡  (Krause

et al., 2003; Koike et al. 2003; Weimer et al., 1999)

∂÷ß·¡â«à“®–¡’°“√»÷°…“®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π¡“

∫â“ß·≈â«°Áµ“¡ ¡’‡æ’¬ß 10-20 ‡ªÕ√å‡´Áπµå‡∑à“π—Èπ∑’Ë√Ÿâ

∫∑∫“∑Àπâ“∑’Ë (McSweeney et al., 2007)  ”À√—∫

«‘∏’°“√»÷°…“‡¥‘¡„™â«‘∏’‡æ“–‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å∫πÕ“À“√

®“π‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å (Viable counts) À√◊Õ„™â

°≈âÕß®ÿ≈∑√√»πå (direct counts) ·≈–°“√«‘‡§√“–Àå∑“ß

™’«‡§¡’ (biochemical methods) ´÷Ëß‡ªìπ«‘∏’∑’Ë ‘Èπ‡ª≈◊Õß

‡«≈“ §à“„™â®à“¬ ·≈–·√ßß“π¡“°  Õ’°∑—Èß¬—ß¡’¢âÕ®”°—¥

∑’Ë ‰¡à “¡“√∂·¬°®ÿ≈‘π∑√’¬å∑’Ë ‰¡à ‡®√‘≠∫πÕ“À“√

‡≈’È¬ß‡™◊ÈÕ‰¥â  ¥—ßπ—Èπ  ‡æ◊ËÕ§«“¡‡¢â“„®∂÷ß∫∑∫“∑Àπâ“∑’Ë

°≈ÿà¡ª√–™“°√·≈–§«“¡ —¡æ—π∏å¢Õß®ÿ≈‘π∑√’¬å„π

°√–‡æ“–√Ÿ‡¡π®÷ßµâÕß„™â‡∑§π‘§«‘∏’°“√∑“ß™’«‚¡‡≈°ÿ≈

(molecular biotecnology) ∑’Ë¡’§«“¡√«¥‡√Á«·≈–·¡àπ¬”

¡“»÷°…“·≈–‡∑§π‘§ PCR-DGGE ́ ÷Ëß‡ªìπÕ’°Àπ÷Ëß‡∑§π‘§

∑’Ë‰¥â√—∫°“√æ—≤π“‡æ◊ËÕ»÷°…“§«“¡À≈“°À≈“¬¢Õß

®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π∑’Ë¡’°“√¬Õ¡√—∫„πª√– ‘∑∏‘¿“æ

°“√æ—≤π“‡∑§π‘§«‘∏’°“√„π°“√»÷°…“™π‘¥®ÿ≈‘π∑√’¬å

„π°√–‡æ“–√Ÿ‡¡π

„π°“√»÷°…“‡√‘Ë¡µâπ¢Õß Hungate (1969) π—Èπ

∑”„Àâ∑√“∫∂÷ßπ‘‡«»«‘∑¬“„π°√–‡æ“–√Ÿ‡¡π‡ªìπ ¿“æ

‰√âÕ“°“» (anaerobic condition) ·≈–¡’ª√–™“°√Õ¬Ÿà

À≈“¬°≈ÿà¡ ‰¥â·°à ·∫§∑’‡√’¬ ‚ª√‚µ´—« ·≈–‡™◊ÈÕ√“ ·≈–

¡’°“√»÷°…“Õ¬à“ßµàÕ‡π◊ËÕßµ“¡§«“¡·µ°µà“ß¢Õß

Õ“À“√∑’Ë‰¥â√—∫  ‡™àπ °“√»÷°…“·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬

°“√‡æ“–‡≈’È¬ß∫πÕ“À“√·¢Áß¢Õß Minato et al. (1989)

∑’Ë‰¥â∑”°“√∑¥ Õ∫„ÀâÕ“À“√ø“ßÀ¡—°·Õ¡‚¡‡π’¬

„π‚§æ∫«à“ ‡æ‘Ë¡®”π«πª√–™“°√¢Õß Eubacterium
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ruminantium ¡“°¢÷Èπ ·≈–πÕ°®“°π—Èπ Orpin et al. (1985)

‰¥â»÷°…“°“√‡ª≈’Ë¬π·ª≈ßª√–™“°√®ÿ≈‘π∑√’¬å„π°«“ß

¥â«¬‡∑§π‘§°“√‡≈’È¬ß‡™◊ÈÕæ∫«à“®ÿ≈‘π∑√’¬å°≈ÿà¡∑’Ë¬àÕ¬‡¬◊ËÕ„¬

(cellulolytic bacteria) Butyrivibrio fibrisolvens ¡’°“√

‡ª≈’Ë¬π·ª≈ßµ“¡ƒ¥Ÿ°“≈‚¥¬„π™à«ßÀπâ“Àπ“«®–

‡æ‘Ë¡¡“°¢÷Èπ  °“√»÷°…“®ÿ≈‘π∑√’¬å‰¥â‡√‘Ë¡„™â  16S rDNA

‚¥¬‡√‘Ë¡µâπ¥â«¬ Whitford et al. (1998) ·≈–„πªïµàÕ¡“

Tamiga et al. (2001) ‰¥â„™â»÷°…“ª√–™“°√¢Õß®ÿ≈‘π∑√’¬å

¢Õß‚§∑’ËÕ¥Õ“À“√ 16 ™—Ë«‚¡ß “¡“√∂®”·π°°≈ÿà¡

·∫§∑’‡√’¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫ B. flibrisolvens ·≈–

°≈ÿà¡∑’Ë —¡æ—π∏å°—∫ Treponema bryantii À√◊Õ¡’‡æ’¬ß

38% ∑’Ë¡’§«“¡„°≈â‡§’¬ß°—∫∞“π¢âÕ¡Ÿ≈¬’π π—∫®“°π—Èπ

¡“¡’°“√»÷°…“°—πÕ¬à“ß·æ√àÀ≈“¬Õ¬à“ßµàÕ‡π◊ËÕßµ“¡

™π‘¥ —µ«å  æ—π∏ÿå  ™π‘¥Õ“À“√∑’Ë„Àâ À√◊Õ à«π∑“ß‡¥‘πÕ“À“√

·µàÕ¬à“ß‰√°Áµ“¡®“°°“√»÷°…“∑’Ëºà“π¡“¥â«¬«‘∏’‡¥‘¡

∑”„Àâ “¡“√∂·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π∑’Ë

‡ªìπ°≈ÿà¡·∫§∑’‡√’¬‰¥â¡“°°«à“ 200 ™π‘¥ À√◊Õ‚ª√‚µ´—«

·≈–‡™◊ÈÕ√“‡°◊Õ∫ 100 ™π‘¥ (Orpin and Joblin, 1997; and

Stewart et al., 1998; cited by McSweeney et al., 2007)

·≈– “¡“√∂®—¥°≈ÿà¡¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–  √Ÿ‡¡π‰¥â

11 °≈ÿà¡µ“¡·À≈àß¢Õß “√Õ“À“√·≈–º≈º≈‘µ∑’Ë‰¥â

(Yokoyama and Johnson, 1988)

‡∑§π‘§∑“ß™’«‚¡‡≈°ÿ≈®÷ß∂Ÿ°π”¡“„™âæ—≤π“¡“

Õ¬à“ß√«¥‡√Á«„π™à«ß‡«≈“ 10 -20 ªï‡∑à“π—Èπ‚¥¬æ◊Èπ∞“π

·≈â«®–„™â‡∑§π‘§æ’́ ’Õ“√å ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π¥’‡ÕÁπ‡Õ

∑’Ë °—¥·¬°‰¥â®“°µ—«Õ¬à“ß‚¥¬Õ“»—¬§«“¡®”‡æ“–µàÕ

‰æ√å‡¡Õ√å (primer) ·≈–¥’‡ÕÁπ‡Õ∑’Ë·¬°‰¥â®–ª√–°Õ∫¥â«¬

16S rRNA ´÷Ëß‡ªìπ¬’π (gene) ∫π‚¡‡≈°ÿ≈¢Õß‰√‚∫‚´¡

¢Õß ‘Ëß¡’™’«‘µ∑ÿ°™π‘¥·≈–¡’§«“¡‡©æ“–„π™π‘¥π—ÈπÊ

®÷ß∂Ÿ°π”¡“„™â√à«¡°—∫‡∑§π‘§ DGGE ‡π◊ËÕß®“°¡’≈”¥—∫

‡∫ ∑’Ë·µ°µà“ß°—π„π®ÿ≈‘π∑√’¬å·µà≈–™π‘¥ ·≈–¡’∫“ß à«π

∑’Ë¡’‡À¡◊Õπ°—π„π∑ÿ°™π‘¥∑”„Àâ‡ªìπª√–‚¬™πå„π°“√

ÕÕ°·∫∫‰æ√å‡¡Õ√å‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ (PCR

amplication) ·≈–‰æ√å‡¡Õ√å∑’Ë “¡“√∂„™â°—∫®ÿ≈‘π∑√’¬å∑ÿ°

™π‘¥∂◊Õ‰¥â«à“ ‡ªìπ “°≈ (universal primer) ¢âÕ¡Ÿ≈¬’π

∑’Ë§âπæ∫®–∂Ÿ°‡°Á∫‰«â„π∞“π¢âÕ¡Ÿ≈‡æ◊ËÕª√–‚¬™πåµàÕ°“√

»÷°…“®ÿ≈‘π∑√’¬å™π‘¥„À¡à·≈–¢âÕ¡Ÿ≈‡À≈à“π’È¡’Õ¬Ÿà∑—Ë«‰ª

‡™àπ ¢âÕ¡Ÿ≈≈”¥—∫‡∫ ∑’Ë„™â„π°“√ÕÕ°·∫∫‰æ√‡¡Õ√å∑’Ë

‡©æ“–¢Õß®ÿ≈‘π∑√’¬å ‡∑§π‘§∑“ß™’«‚¡‡≈°ÿ≈‰¥âæ—≤π“

·≈–ª√–¬ÿ°µå„™â»÷°…“°“√· ¥ßÕÕ°¢Õß¬’π ‡™àπ

„π°“√»÷°…“‡∫◊ÈÕßµâππ—Èπ‰¥â„™â°“√¬âÕ¡¥’‡ÕÁπ‡Õ¥â«¬

 “√°—¡¡—πµ√—ß ’À√◊Õ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ„π®ÿ≈‘π∑√’¬å

°≈ÿà¡ Fibrobacter ·≈–ª√–¬ÿ°µå„™â°—∫®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬

‡¬◊ËÕ„¬°≈ÿà¡Õ◊Ëπ (Weimer et al., 1999) ·µàªí®®ÿ∫—π®–„™â

real time-PCR ‡ªìπÀ≈—°„π°“√∫Õ°ª√‘¡“≥¢Õß®ÿ≈‘π∑√’¬å

‰¥â√«¥‡√Á«„™â‡«≈“πâÕ¬ ·µàÕ¬à“ß‰√°Áµ“¡·µà≈–«‘∏’¡’

¢âÕ¥’¢âÕ‡ ’¬·µ°µà“ß°—π¥—ß· ¥ß„π Table 1.

‡∑§π‘§ PCR-DGGE

DGGE (denaturing gradient gel electrophoresis) ‡ªìπ

‡∑§π‘§∑’Ëπ”¡“„™â„π°“√®”·π°≈“¬æ‘¡æå∑“ßæ—π∏ÿ°√√¡

(fingerprinting)‚¥¬„™â„π°“√·¬° “¬‡°≈’¬«§Ÿà¥’‡ÕÁπ‡Õ

∑’Ë¡’¢π“¥§«“¡¬“«§Ÿà‡∫ µË”°«à“ 500bp ∫π·ºàπ‡®≈∑’Ë

¡’§«“¡‡¢â¡¢âπµà“ß°—π °“√·¬°¥’‡ÕÁπ‡Õ‡À¡◊Õπæ’´’Õ“√å

∑’ËÕ“»—¬Õÿ≥À¿Ÿ¡‘ Ÿß∑”„Àâæ—π∏–‰Œ‚¥√‡®π√–À«à“ß§Ÿà‡∫ 

‡°‘¥°“√·¬° “¬°—π‡ªìπ “¬‡¥’Ë¬« (Muyzer et al., 1999)

‚¥¬ PCR-DGGE „Àâº≈·¬°·∂∫¥’‡ÕÁπ‡Õ¢Õß°≈ÿà¡®ÿ≈‘π∑√’¬å

∑’Ë»÷°…“  ‡æ√“–∂÷ß·¡â “¬¥’‡ÕÁπ‡Õ(16S rDNA fragments)

¢Õß·∫§∑’‡√’¬‚¥¬√«¡∑’Ëπ”¡“·¬°®–¡’≈”¥—∫‡∫ ∑’Ë¡’

¢π“¥§«“¡¬“«‡∑à“°—π ·µà≈”¥—∫‡∫ ‰¡à‡À¡◊Õπ°—π

®– àßº≈„Àâ¡’Õÿ≥À¿Ÿ¡‘°“√À≈Õ¡À√◊Õ°“√·¬° (melting

temperature) ∑’Ë‰¡à‡∑à“°—π ∑”„Àâ¥’‡ÕÁπ‡Õ Õß “¬∑’Ë¡’

§«“¡¬“«‡∑à“°—π·µà¡’‡∫ µà“ß°—π∂÷ß·¡â®–¡’‡æ’¬ß·§à

µ”·Àπàß‡¥’¬« “¬¥’‡ÕÁπ‡Õ∑—Èß Õß “¬®–∂Ÿ°·¬°‰ªÕ¬Ÿà

∑’Ëµ”·Àπàßµà“ß°—π∫π‡®≈ ∑”„Àâ‡√“®÷ß “¡“√∂‡ÀÁπ

 “¬ ¥’‡ÕÁπ‡Õ¢Õß·∫§∑’‡√’¬·µà≈–™π‘¥∂Ÿ°·¬°ÕÕ°

®“°°—π‰¥â∫π DGGE gel  ”À√—∫¢—ÈπµÕπÕ∏‘∫“¬

‚¥¬ Kocheringskala et al. (2005) ‚¥¬‡√‘Ë¡®“°°“√ °—¥

¥’‡ÕÁπ‡Õ∑—ÈßÀ¡¥®“°µ—«Õ¬à“ß ·≈–°“√∑”„Àâ¥’‡ÕÁπ‡Õ

∫√‘ ÿ∑∏‘Ï °“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‚¥¬‡πâπ‡®“–®ß‰ª∑’Ë

 “¬¥’‡ÕÁπ‡Õ¢Õß 16S rRNA gene ‚¥¬„™â universal primer

¢Õß 16S rRNA gene ·≈â«∑”°“√·¬° “¬¢Õß¥’‡ÕÁπ‡Õ

®“°µ—«Õ¬à“ß‚¥¬„™â DGGE ‚¥¬Õ“»—¬À≈—°°“√·¬°
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Table 1. Commonly used DNA-based technique that can be used to describe change in the rumen microbial ecosystem

Disadvantages

Broad based screen which does
not provide specific identity
Laborious
Quantitation expressed as %
of total population and not
absolute numbers
Laborious and quantitation  is
difficult

Laborious and not quantitative.
Sometime, only predominant
organisms are identified

Laborious
Sometime, only predominant
organisms are identified

Technique base on small sub
unit ribosomal sequence
identity of previously
sequenced cultured organisms
and cloned libraries
Global analysis of gene
expression in complex
ecosystem not possible

Not quantitative

Lower sensitivity and
specificity than qPCR

Not quantitative
Lower sensitivity and
specificity than qPCR

Not quantitative. Culture
conditions may bias growth of
organisms  that are not the
main group for metabolism
under normal conditions in the
ecosystem

Method

1. PCR-RFLP

2. Oligonucleotide probe
hybridization

3. Fluorescence in situ
hybridization

4. 16S/18S rDNA clone
libraries

5. DGGE

6. Real-time PCR, (qPCR)

7. reverse transcription
RT-PCR, (qRT-PCR)

8. DNA phylogenetic
microarray

9. DNA expression array

10. Stable isotope probing

Application

Fingerprinting of isolates and
microbial communities
Enumeration of microbial
population at varying levels
including domain, phylum,
species
Enumeration of
microorganisms In situ
within their environment

Identify the predominant
microorganisms in a microbial
community

Fingerprinting pattern analysis
of changes mixed microbial
community composition

Quantitative estimation of
microbial population at the
domain, phylum, species and
sub-species level

Quantitative estimation of
microbial gene expression in
complex microbial population

Semi- quantitative estimates
of microbial population at the
domain, phylum, Species and
sub-species level

Semi- quantitative estimates
of microbial gene expression
in complex microbial
population
Identification of
a metabolically active
microbial group

Advantages

Rapid screen for identifying
and grouping similar organisms
Quantitative and specific
Probes based on phylogenetic
sequence database

Visualize culturable and
uncultureable microorganisms
spatially in relation to substrate
and other community
members
Uncultureable and cultureable
organisms can be identified
from sequence analysis of
cloned small sub unit
ribosomal gene
Culturable and unculturable
organisms identified
Microbial community
composition can be determined
by pattern analysis at domain,
phylum and specific level
Rapid quantitative method for
estimating discrete population
in a mixed environmental
sample

Rapid quantitative method for
estimating expression level of
single or select number of
important in a mixed
environmental sample
Rapid method for monitoring
gross changes in major
population in a complex
ecosystem
Rapid method for monitoring
gross changes in gene
expression in major population
in a complex ecosystem
Culturable and unculturable
organisms that are involved in
a particular metabolic process
can be distinguished from the
general microbial community

Source: McSweeney et al. (2007)
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‚§√ß √â“ß‚¡‡≈°ÿ≈∑’Ë¡’¢π“¥µà“ß°—πÕÕ°®“°°—π„π

·ºàπ‡®≈∑’Ëª√–°Õ∫¥â«¬ denature agent (urea, formamide)

∑’Ë¡’§«“¡‡¢â¡¢âπ®“°πâÕ¬‰ªÀ“¡“° π” “¬¥’‡ÕÁπ‡Õ∑’Ë

·¬°‰¥â¡“®“°¥â«¬‡§√◊ËÕß DGGE ®–∂Ÿ°·¬°ÕÕ°¡“‡æ◊ËÕ

π”‰ªÀ“≈”¥—∫‡∫  (sequencing) ®÷ßÀ“§«“¡ —¡æ—π∏å

¢Õß≈”¥—∫‡∫ ¢Õß 16S rRNA gene ∑’Ë‰¥â®“°°“√≈”¥—∫

‡∫ ·≈–°“√·®°·®ß™π‘¥¢Õß®ÿ≈‘π∑√’¬å„πµ—«Õ¬à“ß∑’Ë

π”¡“∑¥ Õ∫ (phylogenetic relationship)  √ÿª¢—ÈπµÕπ

¥—ß· ¥ß„π Figure 1

°“√«‘‡§√“–Àåº≈ PCR-DGGE

°“√«‘‡§√“–Àå√Ÿª·∫∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ§«√‡ªìπ

Õ¬à“ß‡¢â¡ß«¥·≈–¡’°“√„™â ∂‘µ‘¡“™à«¬„π°“√Õ∏‘∫“¬º≈

(Formin et al., 2002)   ”À√—∫°“√«‘‡§√“–Àå∑“ß DGGE

‡ªìπ°“√«‘‡§√“–Àå∑“ß¥’‡ÕÁπ‡ÕÕ¬à“ßÀπ÷Ëß ́ ÷Ëß§«“¡‡¢â¡¢âπ

¢Õß denaturant ‚¥¬§«“¡‡¢â¡¢âππâÕ¬®“°¢â“ß∫π‰ª Ÿà

§«“¡‡¢â¡¢âπ¡“°∑’ËÕ¬Ÿà à«π≈à“ß¢Õß‡®≈ ∂÷ß·¡â “¬¥’

‡ÕÁπ‡Õ¢Õß 16S rRNA gene ¢Õß·∫§∑’‡√’¬‚¥¬√«¡∑’Ë

π”¡“·¬°®–¡’≈”¥—∫‡∫ ∑’Ë¡’¢π“¥§«“¡¬“«‡∑à“°—π ·µà

≈”¥—∫‡∫ „π à«π∑’Ë‰¡à‡À¡◊Õπ°—π®–¡’Õÿ≥À¿Ÿ¡‘°“√À≈Õ¡

À√◊Õ°“√·¬° (melting temperature) ∑’Ë‰¡à‡∑à“°—π

 “¬¥’‡ÕÁπ‡Õ¢Õß 16S rRNA gene ¢Õß·∫§∑’‡√’¬∑ÿ°

™π‘¥∑’Ë‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‚¥¬√«¡„π¢—ÈπµÕπ·√°Ê

®–«‘Ëß‰ª∫π DGGE gel ‰¥â‰¡à‡∑à“°—π ·¡â«à“ “¬¥’‡ÕÁπ‡Õ

 Õß “¬∑’Ë¡’§«“¡¬“«‡∑à“°—π·µà¡’‡∫ µà“ß°—π ∂÷ß·¡â®–

¡’‡æ’¬ß·§àµ—«‡¥’¬« “¬¥’‡ÕÁπ‡Õ∑—Èß Õß “¬®–∂Ÿ°·¬°‰ª

Õ¬Ÿà∑’Ëµ”·Àπàßµà“ß°—π∫π‡®≈®÷ß “¡“√∂‡ÀÁπ “¬¥’‡ÕÁπ‡Õ

¢Õß·∫§∑’‡√’¬·µà≈–™π‘¥∂Ÿ°·¬°ÕÕ°®“°°—π∫π DGGE

gel ≈—°…≥–µ—«Õ¬à“ß¢Õß°“√·¬°¥’‡ÕÁπ‡Õ¥â«¬ DGGE gel

·≈–°“√«‘‡§√“–Àåº≈¥—ß· ¥ß„π Figure 2  ∑’Ë Mackie

et al. (2003) ‰¥â»÷°…“°“√‡ª≈’Ë¬π·ª≈ßª√–™“°√¢Õß

Oscillospira „π —µ«åµà“ß™π‘¥°—π¥â«¬‰æ√å‡¡Õ√å∑’Ë®”‡æ“–

æ∫«à“ ·∂∫¥’‡ÕÁπ‡ÕÕ¬à“ßπâÕ¬ 7 ·∂∫∑’Ë·µ°µà“ß°—π

´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ß¡’À≈“°À≈“¬∑“ß “¬æ—π∏ÿå¢Õß

Oscillospira ‚¥¬æ∫«à“„π°«“ßπ—Èπ¡’‡æ’¬ß 6 ·∂∫

·°–¡’ 4 ·∂∫·≈–„π‚§¡’·∂∫¥’‡ÕÁπ‡Õª√“°Ø 3 ·∂∫

‡∑à“π—Èπ ·≈–·∂∫¥’‡ÕÁπ‡Õ a, f ·≈– g æ∫‰¥â„π —µ«å

∑—Èß “¡™π‘¥ ·µà c ·≈– d æ∫‰¥â„π°«“ß À√◊Õ e

æ∫‰¥â‡©æ“–„π‚§‡∑à“π—Èπ ·≈– “¡“√∂«‘‡§√“–Àå‡æ◊ËÕ

·¬°°≈ÿà¡ª√–™“°√∑’Ë¡’§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡‰¥â

¥â«¬°“√π”‰ª»÷°…“≈”¥—∫‡∫ ·≈–‡ª√’¬∫‡∑’¬∫°—∫

∞“π¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡¥—ß· ¥ß„π Figure 3 æ∫«à“

Oscillospira „π —µ«å‡§’È¬«‡Õ◊ÈÕß¡’Õ¬à“ßπâÕ¬ 3  “¬æ—π∏ÿå

´÷ËßÕ¬Ÿà„π°≈ÿà¡¢Õß low-G+C-Gram-Positive Bacteria

(LGGPB) ́ ÷Ëß Oscillospira ¡’§«“¡„°≈â‡§’¬ß∑“ßæ—π∏ÿ°√√¡

°—∫ Clostidium orbiscindens (≈”¥—∫‡∫ „°≈â‡§’¬ß°—π

91%) ·≈–„°≈â‡§’¬ß°—∫ Clostidium sp. (≈”¥—∫‡∫ 

„°≈â‡§’¬ß°—π 92%)

Fig. 1 Step of 16S-DNA fingerprinting (DGGE) for rumen microbial diversity studies
Source: Applied from McSweeney et al. (2007)
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Fig. 2 DGGE analysis PCR-amplified 16S rRNA fragment of Oscillospira with the specific. The figure shows the DGGE
separation pattern of PCR fragments obtained from Norwegian reindeer (lanes 1 to 4), cattle (lanes 5 and 6), and sheep
(lanes 7 to 12). The arrows indicate the representatives of DNA bands, which were excised and subjected to cloning
and sequencing.

Source: Mackie et al. (2003)

Fig. 3 Phylogenetic placement of partial 16S rDNA sequences, amplified with the Oscillospira-specific primer, within the main
rumen bacterial phyla. Previously cloned Oscillospira sequences are labeled OSC1 through OSC5. The sequences
generated in this work are labeled A through H.

Source: Mackie et al. (2003)
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·π«∑“ß„π°“√ª√–¬ÿ°µå‡æ◊ËÕπ”‰ª„™âª√–‚¬™πå

ª√–‚¬™πå¢Õß‡∑§π‘§ PCR- DGGE π—Èπ∑”„Àâ

π—°«‘∑¬“»“ µ√å‚¥¬‡©æ“–π—°Õ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß

‰¥â‡¢â“„®‚§√ß √â“ß ™π‘¥ ·≈–ª√‘¡“≥¢Õß·∫§∑’‡√’¬

´÷Ëß “¡“√∂»÷°…“‰¥â∑—Èß®ÿ≈‘π∑√’¬å„π°≈ÿà¡∑’Ë‡æ“–‡≈’È¬ß

∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‰¥â ·≈–°≈ÿà¡∑’Ë‡æ“–‡≈’È¬ß

∫πÕ“À“√®“π‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‰¡à‰¥â (unculturable)

‚¥¬‡ªìπ°≈ÿà¡∑’Ë¡’®”π«π¡“°°«à“·≈–µà“ß¡’§«“¡ ”§—≠

∑’Ë¬—ß‰¡à∑√“∫Àπâ“∑’Ë ·≈–‡ªìπ°“√¬“°„π°“√«‘‡§√“–Àå

Àπâ“∑’Ë„π∑“ß‡¥‘πÕ“À“√ (McSweeney et al., 2007)

‡∑§π‘§°“√»÷°…“®ÿ≈‘π∑√’¬åπ”‰ª Ÿà°“√ª√—∫‡ª≈’Ë¬π

®ÿ≈‘π∑√’¬å∫“ß°≈ÿà¡‡æ◊ËÕ°“√°√–µÿâπ°√–∫«π°“√À¡—°

„π°√–‡æ“–√Ÿ‡¡π‡æ‘Ë¡°“√¬àÕ¬‡¬◊ËÕ„¬ À√◊Õ≈¥ “√æ‘…

µà“ßÊ ≈¥°“√¬àÕ¬ ≈“¬‚ª√µ’π  ≈¥°“√ —ß‡§√“–Àå

°ä“´‡¡∑‡∏π´÷Ëß¡’º≈µàÕ°“√„Àâº≈º≈‘µ¢Õß —µ«å·≈–

°“√ª√–¬ÿ°µå„™â‡∑§π‘§∑“ß™’«‚¡‡≈°ÿ≈¡’§«“¡‡ªìπ‰ª

‰¥â„π°“√ª√—∫‡ª≈’Ë¬π®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π‡æ◊ËÕ

º≈º≈‘µ —µ«å (Wallace, 1994) „π¢≥–∑’Ë Kobayashi (2006)

‰¥â‡ πÕ·π«∑“ß§«“¡‡ªìπ‰ª‰¥â„π°“√ª√–¬ÿ°µå„™â‡∑§π‘§

∑“ß™’«‚¡‡≈°ÿ≈‡æ◊ËÕπ”‰ª Ÿà°“√‡æ‘Ë¡º≈º≈‘µ —µ«å „π

‡∫◊ÈÕßµâπ∑”„Àâ‡¢â“„®∫∑∫“∑¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–

√Ÿ‡¡π ‚¥¬‡©æ“–°≈ÿà¡∑’Ë∑”Àπâ“∑’ËÀ≈—°„π°“√‡¢â“¬àÕ¬

‡¬◊ËÕ„¬  “¡“√∂®”·π°™π‘¥‰¥â·¡àπ¬”´÷Ëß≈¥¢âÕ®”°—¥

¢Õß«‘∏’‡¥‘¡  ”À√—∫°“√ª√–¬ÿ°µå¥â“πÕ“À√ —µ«åπ—Èπ

 “¡“√∂·¬°®ÿ≈‘π∑√’¬å ‡™àπ F. succinogenes ́ ÷Ëß “¡“√∂

æ—≤π“‡ªìπÕ“À“√‡ √‘¡„π≈Ÿ°‚§·≈–‡ªìπª√–‚¬™πåµàÕ

°“√À¬à“π¡‡√Á«À√◊Õ°“√‡ª≈’Ë¬π·ª≈ßÕ“À“√‰¥â∑’Ë‡√Á«¢÷Èπ

·≈–°“√ª√—∫ª√ÿß§ÿ≥¿“æÕ“À“√„Àâ‡À¡“– ¡‰¥â

πÕ°®“°π—Èπ‡Õπ‰´¡å∑’Ë®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π

 √â“ß¢÷Èπ “¡“√∂π”„™â„π√–¥—∫Õÿµ “À°√√¡Õ“À“√ —µ«å

‡™àπ phytase ®“° S. ruminentium  “¡“√∂„™âº≈‘µ‡ªìπ

 “√‡ √‘¡„πÕ“À“√ —µ«å‰¥â À√◊Õ endoglucanase ®“°

R. albus „™â„π°√–∫«π°“√·¬°‚ª√µ’π„Àâ∫√‘ ÿ∑∏‘Ï ·≈–

cellobiose epimerase ‡ªìπ‡Õπ‰´¡å®“° R. albus ∑’Ë‡ª≈’Ë¬π

cellobiose ‡ªìπ glycosyl-manose ´÷Ëß “¡“√∂‡ª≈’Ë¬π

Õ“À“√§“√å‚∫‰Œ‡¥√∑™π‘¥Õ◊ËπÊ ‰¥â ·≈–π”‰ª„™â„π

Õÿ “À°√√¡Õ“À“√ —µ«åÀ√◊Õ¡πÿ…¬å‰¥â ·≈–®ÿ≈‘π∑√’¬å

°≈ÿà¡∑’Ë¬àÕ¬ ≈“¬‡¬◊ËÕ„¬¬—ß„™â„π°“√¬àÕ¬ ≈“¬‡»…‡À≈◊Õ

„π°“√º≈‘µ·°Á ™’«¿“æ ¥—ßπ—Èπ ®ÿ≈‘π∑√’¬å∑’Ë¬—ß‰¡à∑√“∫

∫∑∫“∑Àπâ“∑’Ë„π°√–‡æ“–√Ÿ‡¡πÕ“®®–π”‰ªª√–¬ÿ°µå

„™â„πÕÿ “À°√√¡Õ“À“√ —µ«å‰¥â¥—ß· ¥ß„π Figure 4
·≈–§«√¡ÿàß‡πâπ°“√„™âª√–‚¬™πå®“°®ÿ≈‘π∑√’¬å¥—ß°≈à“«

‡æ√“–À“°æ‘®“√≥“„π√–∫∫∑“ß‡¥‘πÕ“À“√ —µ«å

‡§’È¬«‡Õ◊ÈÕßπ—Èπ®–¡’®ÿ≈‘π∑√’¬å·≈–‡Õπ‰´¡å∑’Ë “¡“√∂

¬àÕ¬ ≈“¬‡´≈≈åæ◊™‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

Fig. 4 Possible directions for the application of ruman bacterial functions
Source: Kobayashi (2006)
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 √ÿª

‡∑§π‘§ PCR-DGGE √à«¡°—∫°“√„™â 16S rDNA

™à«¬∑”„Àâ‡√“ “¡“√∂»÷°…“·∫§∑’‡√’¬„π°√–‡æ“–√Ÿ‡¡π

·≈–ª√–‡¡‘π§«“¡À≈“°À≈“¬¢Õßª√–™“°√®ÿ≈‘π∑√’¬å

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·≈–¡’§«“¡·¡àπ¬” Ÿß ®÷ßπ”

‰ª Ÿà°“√Õ∏‘∫“¬§«“¡ —¡æ—π∏å¢Õßª√–™“°√·∫§∑’‡√’¬

∑’Ë¡’Õ¬Ÿà „π‡§’È¬«‡Õ◊ÈÕß‚¥¬¡’§«“¡·µ°µà“ß°—πµ“¡

™π‘¥Õ“À“√∑’Ë‰¥â√—∫ æ—π∏ÿå —µ«å  πÕ°®“°π’È§«“¡‡¢â“„®

∫∑∫“∑Àπâ“∑’Ë °“√∑”ß“π¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π

‡æ◊ËÕ°“√ª√—∫ª√ÿß°√–∫«π°“√À¡—°∑’Ë‡À¡“– ¡‡æ◊ËÕ

‡æ‘Ë¡º≈º≈‘µ¢Õß —µ«åµàÕ‰ª
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