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Öz

Amaç: Bu çalışmanın amacı taze ve kuru koyun dışkısından 
metagenomik DNA'nın izolasyonunu yapmak ve spesifik pri-
merler kullanarak çeşitli rumen bakterilerini tespit etmektir.

Gereç ve Yöntem: Metagenomik DNA izolasyonu ticari 
I-Genomic Dışkı DNA izolasyon kiti kullanılarak gerçek-
leştirildi. Anaerovibrio	 lipolytica,	 Fibrobacter	 succinogenes,	
Prevotella	 bryantii,	 Prevotella	 ruminicola,	 Ruminobacter
amylophilus,	Ruminococcus	albus,	Ruminococcus	flavefaciens,	
Streptococcus	bovis,	Selenomonas	ruminantium ve Succinovib-
rio dextrinosolvens spesifik primerler ile metagenomik DNA 
kullanılarak polimeraz zincir reaksiyonu yardımıyla tarandı. 
R.	amylophilus,	R.	albus ve S.	dextrinosolvens yokluğunu doğ-
rulamak için 16S rRNA bölgesinin SphI ile reaksiyonu ger-
çekleştirildi.

Bulgular: Dışkı örnekleri hızlıca kurutuldu ve yaş ağırlığı-
nın %53.72'si kaybettirildi. Taze ve kuru örneklerdeki DNA 
izolasyonlarından sonra DNA konsantrasyonları ve saflığı 
sırasıyla 25.60-59.50 ng/µL ve 1.72-1.90 arasında değiştiği 
belirlendi. Dışkıdaki inhibitörlerin PZR üzerinde etkisinin 
olmadığı görüldü. A.	 lipolytica,	F.	succinogenes,	P.	bryantii,	P.	
ruminicola,	R.	 flavefaciens,	S.	bovis ve S. ruminantium spesi-
fik primerler ile tespit edildi, fakat PCR ile R.	amylophilus,	R.	
albus ve S.	dextrinosolvens varlığına rastlanılmadı. 16S rRNA 
bölgesinin SphI ile kesimi bu sonucu doğruladı.

Öneriler: Bu çalışma, doğal şartlarda kurumanın dışkı ör-
neklerinden metagenomik DNA izolasyonu üzerine etkilerini 
tanımlamıştır. Ayrıca, izole edilen DNA kullanılarak çeşitli ru-
men bakterilerinin tespiti gerçekleştirilmiştir. Sonuç olarak 
kurumuş dışkıdan izole edilen metagenomik DNA'nın bakte-
ri populasyonlarının belirlenmesinde kullanılabileceği ifade 
edilebilir.

Anahtar kelimeler: Ruminant, rumen bakterisi, metageno-
mik DNA, PZR

Abstract

Aim: The aim of this study was to isolate metagenomic DNA 
from fresh and dry sheep feces and to detect several rumen 
bacteria using the specific primers. 

Materials and Methods: The metagenomic DNA isolation 
was performed by using commercial I-Genomic Stool DNA 
Isolation Kit. Anaerovibrio	 lipolytica,	Fibrobacter	 succinoge-
nes,	Prevotella	bryantii,	Prevotella	ruminicola,	Ruminobacter	
amylophilus,	Ruminococcus	albus,	Ruminococcus	flavefaciens,	
Streptococcus	 bovis,	 Selenomonas	 ruminantium and Succi-
novibrio dextrinosolvens were screened using metagenomic 
DNA with polymerase chain reaction and spesific primers. 
Reaction of 16S rRNA region with SphI was carried out to 
confirm the absence of R.	amylophilus,	R.	albus and S. dext-
rinosolvens.

Results: Fecal samples dried rapidly and lost its 53.72% of 
fresh mass. After the DNA isolations from fresh and dried 
samples, DNA concentrations and purity were varied betwe-
en 25.60-59.50 ng/µL and 1.72-1.90, respectively. It was ob-
served that fecal inhibitors had no effect on PCR. A. lipolytica, 
F.	succinogenes,	P.	bryantii,	P.	ruminicola,	R.	flavefaciens,	S.	bo-
vis and S. ruminantium were detected with specific primers 
however PCR did not reveal the presence of R.	amylophilus,	
R. albus and S.	dextrinosolvens. SphI digestion of 16S rDNA 
regions has confirmed this result.

Conclusion: In this study, effect of drying in natural condi-
tions on metagenomic DNA isolation from fecal samples was 
determined. Furthermore, PCR detection of several rumen 
bacteria was performed by using isolated DNA. In conclusi-
on, it may be stated that the metagenomic DNA isolated from 
dried fecal samples could be an effective tool for the detecti-
on of bacterial populations. 
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Introduction

Ruminants carry a very diverse and intense microbial po-
pulation, which performs the biological conversion of feed 
in the rumen (Bekele et al 2010). These complex microbial 
communities are bacteria, archaea, fungi, protozoa and bac-
teriophage (Kobayashi 2006). Rumen bacteria are constitu-
ted the largest population of microbial flora and performed 
an important part of the biological degradation of vegetable 
fibers (Koike and Kobayashi 2009). 

Rumen bacteria are a complex population according to the-
ir morphological and physiological characters (Krause and 
Russel 1996) and almost all of them are obligate anaerobes 
(Kamra 2005). Rumen bacteria could be isolated from both 
rumen (Kuhnert et al 2010) and stool (Ziemer 2014), and 
studied in pure cultures using anaerobic culture techniques. 
These studies have broadened of our knowledge of rumen 
microbial ecosystem.

Although many studies carried out until today, small pro-
portion of bacteria could be isolated from rumen (Kobayashi 
2006). However, acceleration of the metagenomics approach 
in the last 15 years has increased the information about ru-
men microbiome exponentially (Singh et al 2014). Rumen 

contents (Duan et al 2009) or feces of ruminants (Durso et al 
2010) are the main source for rumen metagenomics studies. 
Besides the easy sampling, stool samples are important ge-
netic and ecological resources for wild animals (Zhang et al 
2006). Important information about microbial populations 
can be obtained from stool samples by metagenomic studies. 
Furthermore, it is also possible to isolate yet undiscovered 
genes. However, effects of drying in natural conditions are 
not clear for stool metagenome. In this study, the fresh feces 
and air-dried feces of a sheep were compared in terms of the 
metagenomic DNA quantity and specific primers belong to 
several rumen microorganisms. 

Materials and Methods

Stool samples 

Stool samples were taken from a 3-year-old female sheep 
after 14 days of forage based feeding. Fecal samples were 
divided into 9 groups. The first group was stored immedia-
tely at -20°C as fresh sample for further studies and the other 
eight groups allowed for dry under the sun and on the soil. A 
sample group was then stored at -20°C at 1 week interval for 
8 weeks to use in subsequent studies. The degree of drying 
was monitored by weighing the fecal samples daily.

Microorganisms

Anaerovibrio	lipolytica

Fibrobacter	succinegenes

Prevotella	bryantii

Prevotella	ruminicola

Ruminobacter	amylophilus

Ruminococcus	albus

Ruminococcus	flavefaciens	

Streptococcus	bovis

Succinovibrio	dextrinosolvens

Selenomonas ruminantium

Table 1. Specific primers, sequences and amplicon sizes used in this study.

Primer Sequence (5'-3')

F: TGGGTGTTAGAAATGGATTC

R: CTCTCCTGCACTCAAGAATT

F: GGTATGGGATGAGCTTGC

R: GCCTGCCCCTGAACTATC

F: ACTGCAGCGCGAACTGTCAGA

R: ACCTTACGGTGGCAGTGTCTC

F: GGTTATCTTGAGTGAGTT

R: CTGATGGCAACTAAAGAA

F: CAACCAGTCGCATTCAGA

R: CACTACTCATGGCAACAT

F: CCCTAAACAGTCTTAGTTCG

R: CCTCCTTGCGGTTAGAACA

F: GGACGATAATGACGGTACTT

R: GCAATCYGAACTGGGACAAT

F: CTAATACCGCATAACAGCAT

R: AGAAACTTCCTATCTCTAGG

F: TGGGAAGCTACCTGATAGAG

R: CCTTCAGAGAGGTTCTCACT

F: TGCTAATACCGAATGTTG

R: TCCTGCACTCAAGAAAGA

Amplicon Size (bp)

597

445

540

485

642

175

835

869

854

513

Reference

Tajima et al 2001

Tajima et al 2001,  Koike and Kobayashi 2001

Tajima et al 2001

Tajima et al 2001

Tajima et al 2001

Koike and Kobayashi 2001

Tajima et al 2001

Tajima et al 2001

Tajima et al 2001

Tajima et al 2001
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Metagenomic DNA isolation

Two fecal pellets were used from each group. The outer sur-
face of the fecal pellet was removed with a sterile scalpel, and 
200 mg of interior stool sample was used for DNA isolation. 
Metagenomic DNA isolation was performed by using Sto-
ol DNA Isolation Kit (I-Genomic, South Korea) according to 
manufacturer's protocol. The concentration and purity of the 
isolated DNA was measured using NanoDrop 2000 spectrop-
hotometry (Thermo Scientific, USA). All DNA isolations were 
performed in duplicate.

PCR	with	16S	rDNA	and	specific	primers	

A variety of inhibitors can be found in stool metagenomic 
DNA and can adversely affect PCR process. In order to test 
this situation, PCR was carried out with the 16S rDNA pri-
mers without diluting the metagenomic DNA samples. The 
16S ribosomal DNA was amplified from the isolated meta-
genomic using the 27F: 5'-AGAGTTTGATYMTGGCTCAG-3' 
(Edwards et al 1989) and 1492R: 5'- GGTTACCTTGTTAC-
GACTT-3' (Weisburg et al 1991) primers in the PCR. Ten ru-
men bacteria were screened with specific primers (Table 1) 
using the metagenomic DNA. PCR mixtures contained (per 
40 μL) 1 μL of metagenomic DNA, 10 pmol of each primer, 
250 μM deoxyribonucleoside triphosphates (Vivantis, Malay-
sia), 4 μL of 10X PCR buffer and 0.5 units of Taq DNA polyme-
rase (Vivantis, Malaysia). Amplification was carried out in a 
Bio-Rad thermocycler using an initial denaturating step of 5 
min at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 
the appropriate annealing temperature, 1 min at 72°C, and 1 
cycle of 5 min at 72°C for final extension. PCR products were 
loaded and then visualized on 1% agarose (Sigma) gel. All 
PCR procedures were performed in duplicate. 

Restriction	analysis

The nucleotide sequences of 16S rDNA of 10 rumen bacteria 
were obtained from NCBI and restriction enzyme map was 
analyzed using Clone Manager 9 (Scientific & Educational 
Software, USA) program. The 16S rDNA PCR products were 
digested using SphI (New England Biolabs, 10 U) for over-
night at 37°C according to manufacturer's protocol. The rest-
riction products were visualized on 1% agarose gel.

Results

Metagenomic DNA isolations were performed from stool 
samples taken from sheep. Stool samples dried rapidly and 
53.72% of the weight was lost in 24 h. In the following days, 
no change was observed in the fecal mass (Table 2). Meta-
genomic DNA isolations were performed from the interior 
parts of fresh and dried feces. Although fresh stool were ea-
sily suspended in lysis buffer, it was quite difficult to suspend 
the dried samples. However, this case showed no negative 

effects on DNA concentrations and purity (Table 2). DNA 
concentrations and purity was varied between 25.60-59.50 
ng/µL and 1.72-1.90, respectively.

Amplification of 16S rDNA region was observed in both fresh 
and dried samples, and this result showed that the inhibitors 
were successfully eliminated during DNA isolation. Then 
PCR was carried out with specific rumen bacterial primers. 
PCR process did not reveal the presence of R.	albus,	R.	amy-
lophilus, and S.	dextrinosolvens. By using the other primers, 
PCR products with the expected sizes were obtained (Figu-
re 1). No PCR product was amplified after 7 and 8 week of 
drying for S. ruminantium and S.	bovis, respectively, while the 
PCR products were obtained from all other bacteria until the 
end of drying period 
(Table 3). 

Specific primers of R.	amylophilus, R.	albus and S. dextrinosol-
vens amplified no PCR products and this result indicated that 
these three bacteria did not found in the stool. To confirm 
this state, restriction enzymes have been investigated to dis-
tinguish these bacteria from others. It was found that SphI 
digests the 16S rDNA regions of R.	amylophilus,	R.	albus and 
S.	dexrinosolvens from about 460, 1320 and 525. bp, respec-
tively. However, there is no SphI site in 16S rDNA of the other 
bacteria. Therefore SphI restriction reaction was carried out
and any digestion was observed with 16S rDNA (Figure 2).
This result is consistent with the PCR results and restriction
analysis confirmed the PCR analysis.

Discussion

Culture-based methods are used as intensively for the deter-
mination of microorganisms (Cotta et al 2003, Tewari et al 
2013, de Aguiar et al 2014). The microbial diversity of an en-
vironmental sample can be also investigated using culture-
independent techniques by analysing the 16S rDNA region of 
metagenomics DNA (Han et al 2015). 

Metagenomic analysis of fecal samples is based on DNA, 
which is isolated directly from stool. Various DNA isolation 
methods from stool specimens were tested (Yu and Morri-
son 2004, McOrist et al 2002, Zhang et al 2006, Fliegerova et 
al 2014). Organic matter is the source of inhibitors (Yeates 
et al 1998) and inhibitors that may be co-extracted with 
DNA from fecal samples, effects the subsequent enzymatic 
reactions, such as PCR or restriction analysis (Monteiro et 
al 1997, Wilson 1997). In this study, sufficient concentra-
tion of DNA with high purity was obtained, and subsequent 
PCR and restriction analysis showed that inhibitors were re-
moved from DNA. In the present study, inner parts of fecal 
samples were used for DNA extraction and good PCR results 
were obtained for microbial diversity. Wehausen et al (2004) 
compared the outer and inner fecal pellet parts, and they ob-
served that PCR success for four loci of Bighorn Sheep de-

Yavuz et alMetagenomic DNA in sheep 



Eurasian J Vet Sci, 2016, 32, 1, 15-21

18

clined when any inner fecal material was used and excellent 
results were obtained when the very outer layer was used. 
PCR is a method often used to determine the ecology of gas-
trointestinal microbiome (Belanche et al 2014). Primers 
that are designed for a specific genus or species are used in 
detecting microorganisms (Wang et al 1996). In this study, 
detection of ten different rumen bacteria in sheep feces was 
investigated using specific primers. R.	flavefaciens and F.	suc-
cinogenes were detected by using the specific primers, while 
R.	 albus was not detected in fecal DNA samples. R.	 flavefa-
ciens,	F.	succinogenes and R.	albus are known as the main fi-
brolytic species (Sirohi et al 2012), however cellulolytic bac-
teria vary depending on the degradable starch content in the 
rumen, and R.	 flavefaciens,	 F.	 succinogenes	and R.	 albus are
reduced by lower pH as a result of high concentrate diet (Li
et al 2014).

Rumen and omasum were major habitats for these three cel-
lulolytic species, and F.	succinogenes was the most abundant 

of them (Koike and Kobayashi 2001). F.	 succinogenes and 
R.	 flavefaciens were also detected in the colon and rectum,
whereas R.	albus	was not detected in the colon and rectum
(Koike and Kobayashi 2001). This could be the reason of the
negative PCR result for R.	albus in stool metagenomic DNA in 
this study. 

Positive PCR results were observed with S.	bovis and S. rumi-
nantium, and negative PCR results were obtained from R.	am-
ylophilus and S.	dextrinosolvens. It is necessary to note that 
S.	bovis primers could be cross-reacted with S. equinus, since
these strains are very similar (Tajima et al 2001). It has been 
reported that the number of amylolytic bacteria such as R.	
amylophilus,	S.	bovis and S. ruminantium decreased in sheep
fed on high forage diet (Jiao et al 2014). S. ruminantium and
S.	dextrinosolvens showed positive interactions with cellulo-
lytic rumen bacteria in fiber degradation (Koike et al 2003). 
P. bryantii and P. ruminicola were detected in feces by using
PCR during the test period, in this study.  Prevotella species

Waiting time 

for weighing

Fresh feces

1 Day

2 Day

3 Day

4 Day

5 Day

6 Day

7 Day

8 Day

Table 2. Mass of air-dried fecal samples and concentrations and purity of DNA which is isolated from fecal samples.

Temperature 

(°C)

37

35

35

34

34

34

34

32

33

Fecal Mass 

(mg)

678.71

314.07

322.00

319.20

315.27

317.27

314.26

313.70

314.34

Waiting time for 

DNA isolation 

Fresh feces

1 Week

2 Week

3 Week

4 Week

5 Week

6 Week

7 Week

8 Week

Concentration 

(ng/µL)

25.60

39.30

34.60

59.50

49.50

34.30

38.40

49.40

29.90

Purity

1.73

1.83

1.80

1.90

1.81

1.72

1.85

1.83

1.80

Microorganisms

A.lipolytica

F.	succinogenes

P. bryantii

P. ruminicola

R.	amylophilus

R.	albus

R.	flavefaciens

S.	bovis

S.	dextrinosolvens

S. ruminantium

*(+) PCR products with expected size, (-) No PCR product.

Table 3. PCR results by using specific primers and DNA which is isolated from fresh and air-dried fecal samples*.

Fresh feces

+

+

+

+

-

-

+

+

-

+

 2nd week

+

+

+

+

-

-

+

+

-

+

 3rd week

+

+

+

+

-

-

+

+

-

+

4th week

+

+

+

+

-

-

+

+

-

+

5th week

+

+

+

+

-

-

+

+

-

+

 6th week

+

+

+

+

-

-

+

+

-

+

7th week

+

+

+

+

-

-

+

+

-

-

 8th week

+

+

+

+

-

-

+

-

-

-
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are a major group of rumen and participate fiber breakdown 
possibly as oligosaccharide and xylan fermenters (Koike et 
al 2003). Prevotella/Bacteroides may account for 60-70% 
of ribosomal sequnce diversity in rumen samples (Ram-
sak et al 2000). The feeding regime of the ruminant animal 
results the presence of A. lipolytica in feces samples in the 
present study. A. lipolytica is sensitive to low pH and low 
pH reduces the number of A. lipolytica in the rumen (Gudla 
et al 2012). On the other hand, Tajima et al. (2001) found 
that A. lipolytica was not affected by diet since the varia-
tions in A. lipolytica DNA were not statistically 
significant.

Conclusion

There are important relationship between rumen 
micro-bial populations and feeding diet of ruminants. The 
use of metagenomics is increasing in determining the 
microbial populations of environmental samples. The 
microbiome of feces can give hints about the host and the 
most important advantage is the ease of sampling. 

Feces from the animals, especially wild animals, can be 
sam-pled readily, and in this way fecal DNA can give 
important 

information about the animals. This study investigated the 
PCR detection of 10 rumen bacteria in feces and 7 bacteria 
were detected. Another objective of this study was to study 
the effects of drying of sheep feces in natural conditions on 
metagenomics DNA. In particular, fecal samples are of great 
help to study the microbial flora of the digestive systems of 
animals in wildlife. This study demonstrates that metage-
nomic DNA with a high purity can be obtained from air-dried 
stool and molecular detection of microorganisms can be car-
ried out. 

Acknowledgements

This study was financed under a project supported by 
the Kahramanmaras Sutcu Imam University (Project No: 
2014/3-54M). This work was performed at the Biotechnol-
ogy Laboratory of Biology Department in Kahramanmaras 
Sutcu Imam University.

References

Bekele AZ, Koike S, Kobayashi Y, 2010. Genetic diversity and 

Figure 1. PCR products obtained from fresh fecal metagenomic DNA by using specific primers. (1) A. lipolytica, (2) F.	succinogenes, (3) P. bryantii, (4) P. ruminicola, 
(5) R. amylophilus, (6) R.	albus, (7) R.	flavefaciens, (8) S.	bovis, (9) S.	dextrinosolvens, (10) S. ruminantium.

Figure 2. SphI digestion of 16S rDNA region. (1) 16S rDNA obtained from metagenomic DNA of fresh feces, (2-9) 16S rDNA region obtained from metagenomic DNA 
of dried feces from 1 week to 8 week. (M) 100 bp DNA ladder used as size marker (Vivantis, Malaysia).

Yavuz et alMetagenomic DNA in sheep 



Eurasian J Vet Sci, 2016, 32, 1, 15-21

20

diet specificity of ruminal Prevotella revealed by 16S rRNA 
gene-based analysis. FEMS Microbiol Lett, 305, 49-57. 

Belanche A, de la Fuente G, Newbold CJ, 2014. Study of met-
hanogen communities associated with different rumen 
protozoal populations. FEMS Microbiol Ecol, 90, 663-677.

Cotta MA, Whitehead TR, Zeltwanger RL, 2003. Isolation, 
characterization and comparison of bacteria from swine 
faeces and manure storage pits. Envir Microbiol, 5, 737-
745. 

de Aguiar SC, Zeoula LM, do Prado OPP, Arcuri PB, Forano E, 
2014. Characterization of rumen bacterial strains isolated 
from enrichments of rumen content in the presence of pro-
polis. W J Microbiol Biotechnol, 30, 2917-2926.

Duan CJ, Xian L, Zhao GC, Feng Y, Pang H, Bai XL, Tang JL, Ma 
QS, Feng JX, 2009. Isolation and partial characterization of 
novel genes encoding acidic cellulases from metagenomes 
of buffalo rumens. J Appl Microbiol, 107, 245-256.

Durso LM, Harhay GP, Smith TP, Bono JL, DeSantis TZ, Har-
hay DM, Andersen GL, Keen JE, Laegreid WW,  Clawson ML, 
2010. Animal-to-animal variation in fecal microbial diver-
sity among beef cattle. Appl Env Microbiol, 76, 4858-4862.

Edwards U, Rogall T, Blocker H, Emde M, Bottger EC, 1989. 
Isolation and direct complete nucleotide determination of 
entire genes. Characterization of a gene coding for 16S ri-
bosomal RNA. Nucleic Acids Res, 17, 7843-7853.

Fliegerova K, Tapio I, Bonin A, Mrazek J, Callegari ML, Bani 
P, Bayat A, Vilkki J, Kopečný J, Shingfield KJ, Boyer F, Cois-
sac E, Taberlet P, Wallace RJ, 2014. Effect of DNA extraction 
and sample preservation method on rumen bacterial po-
pulation. Anaerobe, 29, 80-84. 

Gudla P, Ishlak A, AbuGhazaleh AA, 2012. The effect of forage 
level and oil supplement on Butyrivibrio	 fibrisolvens and 
Anaerovibrio lipolytica in continuous culture fermenters.  
Asian-Aust J Anim Sci, 25, 234-239.

Han X, Yang Y, Yan, H, Wang X, Qu L, Chen Y, 2015. Rumen bac-
terial diversity of 80 to 110-day-old goats using 16S rRNA. 
Seq PloS One, 10, 1-12. 

Jiao J, Lu Q, Tan Z, Guan L, Zhou C, Tang S, Han X, 2014. In vitro 
evaluation of effects of gut region and fiber structure on 
the intestinal dominant bacterial diversity and functional 
bacterial species. Anaerobe, 28, 168-177.

Kamra DN, 2005. Rumen microbial ecosystem. Curr Sci, 89, 
124-135.

Kobayashi Y, 2006. Inclusion of novel bacteria in rumen mic-
robiology: Need for basic and applied science. Anim Sci J, 
77, 375-385.

Koike S, Kobayashi Y, 2001. Development and use of compe-
titive PCR assays for the rumen cellulolytic bacteria: Fibro-
bacter	 succinogenes,	 Ruminococcus	 albus and	 Ruminococ-
cus	flavefaciens. FEMS Microbiol Lett, 204, 361-366. 

Koike S, Kobayashi Y, 2009. Fibrolytic rumen bacteria: Their 
ecology and functions. Asian-Aust J Anim Sci, 22, 131-138. 

Koike S, Yoshitani S, Kobayashi Y, Tanaka K, 2003. Phylogene-
tic analysis of fiber-associated rumen bacterial community 
and PCR detection of uncultured bacteria. FEMS Microbiol 
Lett, 229, 23-30.

Krause DO, Russel JB, 1996. How many ruminal bacteria are 
there? J Dairy Sci, 79, 1467-1475. 

Kuhnert P, Scholten E, Haefner S, Mayor D, Frey J, 2010. Bas-
fia succiniciproducens gen. nov., sp. nov., a new member of 
the family Pasteurellaceae isolated from bovine rumen. Int 
J Syst Evol Microbiol, 60, 44-50.

Li F, Yang XJ, Cao YC, Li SX, Yao JH, Li ZJ, Sun FF, 2014. Effects 
of dietary effective fiber to rumen degradable starch ratios 
on the risk of sub-acute ruminal acidosis and rumen con-
tent fatty acids composition in dairy goat. Anim Feed Sci 
Tech, 189, 54-62. 

McOrist AL, Jackson M, Bird AR, 2002. A comparison of five 
methods for extraction of bacterial DNA from human fae-
cal samples. J Microbiol Meth, 50, 131-139. 

Monteiro L, Bonnemaison D, Vekris A, Petry KG, Bonnet J, Vi-
dal R, Cabrita J, Megraud F, 1997. Complex polysaccharides 
as PCR inhibitors in feces: Helicobacter pylori model. J Clin 
Microbiol, 35, 995-998. 

Ramsak A, Peterka M, Tajima K, Martin JC, Wood J, Johnston 
ME, Aminov RI, Flint HJ, Avgustin G, 2000. Unravelling the 
genetic diversity of ruminal bacteria belonging to the CFB 
phylum. FEMS Microbiol Ecol, 33, 69-79.

Singh KM, Pandya PR, Tripathi AK, Patel GR, Parnerkar S, 
Kothari RK, Joshi CG, 2014. Study of rumen metagenome 
community using qPCR under different diets. Meta Gene, 
2, 191-199.

Sirohi SK, Singh N, Dagar SS, Puniya AK, 2012. Molecular to-
ols for deciphering the microbial community structure and 
diversity in rumen ecosystem. Appl Microbiol Biotechnol, 
95, 1135-1154.

Tajima K, Aminov RI, Nagamine T, Matsui H, Nakamura M, 
Benno Y, 2001. Diet-dependent shifts in the bacterial po-
pulation of the rumen revealed with real-time PCR. Appl 
Environ Microbiol, 67, 2766-2774. 

Tewari A, Singh SP, Singh R, Kumar D, 2013. Comparison of a 
new chromogenic medium with standard media for isola-
tion and identification of Bacillus	cereus. Eurasian J Vet Sci, 
29, 39-42.

Wang RF, Wei-Wen Cao, Cerniglia CE, 1996. PCR detection 
and quantitation of predominant anaerobic bacteria in 
human and animal fecal samples. Appl Env Microbiol, 6, 
1242-1247. 

Wehausen JD, Ramey RR, Epps CW, 2004. Experiments in 
DNA extraction and PCR amplification from Bighorn sheep 
feces: The importance of DNA extraction method. J Hered, 
95, 503-509.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ, 1991. 16S ri-
bosomal DNA amplification for phylogenetic study. J Bacte-
riol, 173, 697-703.

Wilson IG, 1997. Inhibition and facilitation of nucleic acid 
amplification. Appl Env Microbiol, 63, 37-41. 

Yeates C, Gillings MR, Davison AD, Altavilla N, Veal DA, 1998. 
Methods for microbial DNA extraction from soil for PCR 
amplification. Biol Proced Online, 1, 40-47.

Yu Z, Morrison M, 2004. Improved extraction of PCR-quality 
community DNA from digesta and fecal samples. Biotech, 
36, 808-813. 

Yavuz et alMetagenomic DNA in sheep 



Eurasian J Vet Sci, 2016, 32, 1, 15-21

21

Zhang BW, Li M, Ma LC, Wei FW, 2006. A widely applicable 
protocol for DNA isolation from fecal samples. Biochem 
Gen, 44, 494-503. 

Ziemer CJ, 2014. Newly cultured bacteria with broad diver-
sity isolated from 8 week continuous culture enrichments 
of cow feces on complex polysaccharides. Appl Envir Mic, 
80, 574-585. 

Yavuz et alMetagenomic DNA in sheep 


