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ABSTRACT 1 

Rumen digesta was obtained from wild Hokkaido sika deer to compare bacterial flora between 2 

summer and winter. Bacterial flora was characterized with molecular-based approaches and 3 

enrichment cultivation. Bacteroidetes was shown as a major phylum followed by Firmicutes, with 4 

similar proportions in both seasons. However, two phylogenetically unique groups in Bacteroidetes 5 

were found in each season: unknown group A in winter and unknown group B in summer. The 6 

ruminal abundance of unknown group A was the highest followed by Ruminococcus flavefaciens in 7 

winter. Moreover, the abundance of these two was higher in winter than in summer. In contrast, the 8 

abundance of unknown group B was higher in summer than in winter. In addition, this group showed 9 

the highest abundance in summer among the bacteria quantified. Unknown group A was successfully 10 

enriched by cultivating with oak bark and sterilized rumen fluid, particularly that from deer. Bacteria 11 

of this group were distributed in association with the solid rather than the liquid rumen fraction, and 12 

were detected as small cocci. Accordingly, unknown group A is assumed to be involved in 13 

degradation of fibrous materials. These results suggest that wild Hokkaido sika deer develop a rumen 14 

bacterial flora in response to changes in dietary conditions. 15 

 16 
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1 INTRODUCTION 1 

Wild ruminant animals are excellent models for the functional surveillance of rumen microbes 2 

(Kobayashi, 2006), since these animals are expected to harbor specific rumen microbes in response to 3 

the dietary conditions to which they are exposed. Changes of rumen microbiota likely depend on the 4 

area in which the wild animals inhabit. In particular, harsh dietary conditions might select for rumen 5 

microbiota to digest and ferment fibrous materials as a main dietary ingredient in order to maximize 6 

nutrient extraction. This is because the rumen is the main digestive organ for degrading fibrous foods 7 

by microbes and also acts as a reservoir of ingested foods (Itabashi 1998). 8 

Hokkaido, the northernmost island of Japan, is home to more than a million head of wild sika 9 

deer (Hokkaido sika deer, Cervus nippon yesoensis), many of which live in snowy areas with limited 10 

access to food. We have elucidated seasonal changes of body size, ingesta, body fat reserve, and rumen 11 

fermentation products of sika deer in the Shiretoko Peninsula of Hokkaido, characterized by severe 12 

winter conditions (long duration of low temperatures with heavy snowfall), leading to a precarious 13 

nutritional status (Ichimura et al. 2004). Despite this, the population of sika deer in this area has 14 

increased since the 1980s (Okada 2000). One of the reasons for their survival under such harsh dietary 15 

conditions could be the change in rumen microbes as an adaptation to poor dietary conditions in winter. 16 

This was partially characterized by morphological classification of rumen bacteria in relation to ingesta 17 

by Ichimura et al. (2004), who found that more Gram-negative cocci and fewer Gram-negative curved 18 

rods were found in winter. To confirm bacterial adaptation to a winter diet, functional characterization 19 

of the bacteria is necessary.   20 

Similar attempts have been made for other wild or semi-wild ruminants including reindeer 21 

(Orpin et al. 1985), fallow deer, axis deer, white-tailed deer (Dehority et al. 1999), red deer and hill 22 

sheep (Hobson et al. 1975). More recently, deep sequencing of reindeer rumen microbiota has detected 23 

abundant unknown bacteria, whose function requires investigation (Mackenzie et al. 2015). In fact, 24 

such possibly functional but unknown bacteria represent an attractive research target to gain insight 25 
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into the rumen metabolism of wild animals as well as the future development of additives including 1 

pro- and pre-biotics and other industrial materials (Kobayashi 2006). Rumen microbiota of sika deer 2 

in the above area might be an ideal source for such purposes and could provide insight for future 3 

application. 4 

We aimed to partially characterize the rumen bacteria of Hokkaido sika deer in the present 5 

study by qualitative, quantitative and visualization approaches as well as discuss their ecology and 6 

function with special reference to the winter diet condition.  7 

 8 

2 MATERIALS AND METHODS 9 

 10 

2.1 Animals and samples 11 

Twenty rumen samples were chosen from a total of 32 wild Hokkaido sika deer that had been 12 

characterized with respect to food habit and rumen fermentation products (Ichimura et al. 2004), 13 

based on body weight (average body weight of 65.9 kg in summer and 62.4 kg in winter). Summer 14 

samples (July and August) were from 4 males and 6 females, while winter samples (March) were 15 

from 5 males and 5 females. The winter sample was defined as the sample collected at the end of a 16 

long winter, in which the deer had been exposed to snow-covered land with limited access to food 17 

(Ichimura et al. 2004). All deer were more than 1 year of age. These deer were culled for research 18 

purposes or for nuisance control in the Shari district on the Shiretoko Peninsula of Hokkaido, Japan 19 

(Figure 1). According to climate data for the sampling period of this area (Utoro, Shari), the average 20 

temperatures were 17°C in July and August, 2001 and -1°C with 125 cm of snow accumulation in 21 

March, 2002. The sampling area was dominated by mixed forest with Sasa spp as undergrowth, and 22 

forbs were seen along the woodland paths. More details of the vegetation can be found in Ichimura et 23 

al. (2004). 24 

 25 
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2.2 Characterization of rumen bacterial flora 1 

Total DNA was extracted and purified as described previously (Koike et al. 2007; Shinkai & 2 

Kobaayashi 2007). Briefly, rumen digesta was subjected to glass bead beating, and extracted DNA 3 

was treated with proteinase K and RNase, then precipitated and diluted for use in the clone library 4 

analysis and quantitative PCR (qPCR). 5 

Clone library analysis was performed as follows. Bacterial DNA from each rumen digesta was 6 

amplified by PCR with the primers 530F (5’-GTGCCAGCMGCCGCGG-3’) and 1392R (5’-7 

ACGGGCGGTGTGTRC-3’). The reaction mixture for library construction consisted of 5.0 µl of 10 8 

x Ex-Taq buffer, 5.0 µl of 2 mM dNTP, 2.5 µl of each primer (10 pmol/µl), 33.0 µl of water, 1.0 µl 9 

of rTaq polymerase (TOYOBO, Osaka, Japan), and 1.0 µl of template DNA (10 ng/µl). PCR 10 

conditions were as follows: initial denaturation at 94°C for 0.5 min, annealing at 58°C for 0.5 min, 11 

and extension at 72°C for 1.0 min. Final extension was performed at 72°C for 9 min. The PCR 12 

product was purified by a QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) after performing 13 

agarose gel electrophoresis, then ligated with pGEM-T Easy Vector (Promega, Madison, WI) and 14 

transformed into Escherichia coli JM109 (Nippon Gene, Tokyo, Japan). White colonies developed 15 

on ampicillin- and Xgal-containing Luria-Bertani plates were employed for plasmid isolation using a 16 

QIAprep Spin Miniprep Kit (Qiagen), and the purified plasmid DNA was subjected to sequence 17 

analysis (Thermo Sequenase Cycle Sequencing Kit, and DSQ 2000L DNA Sequencer, Shimadzu, 18 

Kyoto, Japan). The obtained nucleotide sequences were compared with known sequences in the 19 

GenBank database using BLASTn (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to obtain similarity 20 

values. The Clustal X program (http://www.clustal.org/）for multiple sequence alignment and 21 

phylogenetic analysis was used. A neighbor-joining tree with a Kimura-2 correction was created 22 

(Collins et al., 1994). Two libraries were compared by LIBSHUFF (Singleton et al. 2001). The 23 

sequences obtained were deposited in the DDBJ nucleotide sequence database under the accession 24 

numbers AB214694 through AB214833.  25 
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Bacterial communities were quantitatively characterized by real-time PCR assay with 1 

species/group-specific primers for the representative groups, which included total bacteria, 2 

Fibrobacter succinogenes, Ruminococcus flavefaciens, Ruminococcus albus, Prevotella ruminicola, 3 

Prevotella bryantii, Treponema bryantii, Selenomonas ruminantium, Streptococcus bovis, 4 

Eubacterium ruminantium, unknown group A, and unknown group B (see below for these unknown 5 

groups), using a LightCycler 480 real-time PCR system (Roche Applied Science, Mannheim, 6 

Germany). All primers except those for the unknown groups were as described by Muyzer et al. 7 

(1993), Tajima et al. (2001), Koike & Kobayashi (2001), and Koike et al. (2007). Primers for the 8 

unknown groups detected in the 16S rDNA library but unique for the sika deer rumen investigated 9 

(see Results for details) were newly designed. PCR reactions and related information are listed in 10 

Table 1. For quantification of unknown groups A and B, primer specificity was assessed by 11 

sequencing clones in a mini-library constructed using the designed primers. Other validation in 12 

qPCR for unknown groups, such as amplification efficiency and quantification range, was performed 13 

as described by Koike et al. (2007). 14 

Fluorescence in situ hybridization (FISH) was carried out essentially as described in our 15 

previous study (Shinkai & Kobayashi 2007). Then, a group-specific probe for unknown group A (5'- 16 

CTTCCGACGTTGAGCGCC -3': 631-648 of 16S rRNA target site) was newly designed. The 17 

specificity of this probe was checked with the Probe Match tool of RDP II 18 

(http://rdp.cme.msu.edu/index.jsp) and the BLAST search tool. The 5’ end of the oligonucleotide 19 

probe was labeled with Cy3 (Hokkaido System Science, Sapporo, Japan). Samples from the 20 

unknown group A enrichment study (see below) were used for FISH analysis. The established FISH 21 

procedure for unknown group A bacteria is as follows. Fixation was performed with 3% 22 

paraformaldehyde for 3 h at 4°C. Sequential dehydration was carried out in 50, 80, 96 and 100% 23 

ethanol (3 min each). Hybridization was performed with 10% formamide at 46°C for 1.5 h. The slide 24 

was rinsed in a washing buffer for 15 min at 48°C. To reduce the auto-fluorescence of feed particles, 25 
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toluidine blue O (Division Chroma) was added to the slide sample. Then, the sample was rinsed, air-1 

dried and incubated in 99.5% ethanol for an appropriate period of time to remove the dye from the 2 

bacterial cells but not from the feed particles. Then, the samples were immediately washed with 3 

distilled water. Total bacteria were visualized by staining with 4’,6-diamidino-2-phenylindole 4 

(DAPI) contained in Vectashield H-1200 (Vector Laboratories, Inc., Burlingame, CA). For 5 

microscopic observation of bacteria and their fluorescence signals, a microscope (BX51, Olympus, 6 

Tokyo, Japan) with a universal reflected-light illuminator (BX-URA2, Olympus) and cooled CCD 7 

camera (Cool Snap, Roper Scientific Photometrics, Champaign, IL) was used. Images were 8 

processed with Adobe Photoshop version 6.0 (Adobe Systems Co., Ltd, Tokyo, Japan). 9 

 10 

2.3 Enrichment of unknown bacteria 11 

Bacteria belonging to unknown group A were enriched by incubating diluted (1000 fold) rumen 12 

digesta with an anaerobic medium of Bryant and Burkey (1953), to which one of various 13 

carbohydrate sources such as Sasa leaf, elm bark, oak bark, rice straw hay, Orchardgrass hay, alfalfa 14 

hay, soybean husk, lablab bean husk, filter paper or Avicel was added (5 mg/mL). Sasa leaf and the 15 

two types of bark are representative diets for deer in winter (Ichimura et al. 2004), while the two 16 

types of bean husk are known to stimulate fibrolytic rumen bacteria (Ngwe et al. 2012; Fuma et al. 17 

2012). Avicel was obtained from Asahi Kasei Corp. (Tokyo, Japan). All of the above carbohydrate 18 

sources were dried (60°C for 48 h) and ground into 1 mm particles. As another medium component, 19 

sterilized and centrifuged rumen fluid (Ogimoto & Imai 1981) from 2 sheep on a hay diet or 2 deer 20 

(in winter of the present study) was added at 30% level for a habitat simulation. The inoculant was 21 

diluted (1000 fold) in rumen digesta and incubated at 38°C for 120 h with the above medium in a 22 

Hungate tube with a butyl rubber stopper and plastic cap after flushing the head space with CO2 gas 23 

(n=3). After incubation, the degree of the enrichment of unknown group A bacteria was assessed by 24 

quantifying unknown group A with group-specific qPCR.  25 
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 1 

2.4 Calculations and statistical analysis 2 

Microbial data by qPCR were expressed in log-transformed value for 16S rDNA gene copies per 3 

gram of rumen digesta and the relative proportion of each species or group in total bacteria. Values 4 

in each season (n=10) were averaged and compared by Student’s t test, since no sex differences were 5 

detected for these data. In the enrichment study for unknown group A, data from 3 tubes were 6 

averaged. A significant difference was declared at P <0.05 and a trend was defined at P <0.10. 7 

 8 

3 RESULTS 9 

Cloned sequences in the present study covered ca. 890 bp of the bacterial 16S rRNA gene and partly 10 

allowed the comparative characterization of the bacterial community structure between summer and 11 

winter deer rumen samples. A total of 140 clones (71 and 69 from summer and winter samples, 12 

respectively) were used for further analysis to partially characterize the bacteria inhabiting the rumen 13 

of wild deer in the experimental area.  14 

The bacterial community structure is shown as a phylogenetic tree in Figure 2. The bacterial 15 

classification did not differ greatly between summer and winter samples, and indicated that the 16 

majority of bacteria was represented by Bacteroidetes followed by Firmicutes. LIBSHUFF analysis 17 

revealed no significant difference in bacterial community between the two seasons. However, two 18 

clusters consisting of uncultured bacteria belonging to Bacteroidetes were distributed in a season-19 

specific manner, i.e., one cluster originated from winter samples only, while the other was from 20 

summer samples only. These two clusters were designated as unknown groups A and B, respectively, 21 

in which the nearest known relative was Prevotella ruminicola having < 90% in sequence similarity. 22 

Meanwhile, these unknown groups shared ≥ 97% similarity in sequence with many uncultured 23 

bacteria. Then, qPCR assays for these unknown groups were successfully established with 1.8678 and 24 

1.9026 in amplification efficiency and 103-108 copies/g in quantifiable ranges, respectively.  25 
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The results for bacterial quantification by qPCR are presented in Figure 3. R. flavefaciens and 1 

unknown group A showed a higher abundance (both in absolute number and relative proportion) in 2 

winter than in summer, while unknown group B had a lower abundance in winter than in summer. Of 3 

11 species and groups detected, unknown group A exhibited the highest abundance followed by R. 4 

flavefaciens and S. bovis in winter. Meanwhile, unknown group B showed the highest abundance 5 

followed by S. bovis in summer. Eubacterium ruminantium was not in the quantifiable range for both 6 

the summer and winter samples. 7 

The degree of enrichment of unknown group A depended on the carbon source. Japanese oak 8 

bark showed the best growth stimulation of unknown group A bacteria among the 10 different carbon 9 

sources tested. That is, in comparison with no incubation, incubation with oak bark resulted in 10 

increased growth of unknown group A bacteria (1033 fold), while the other carbon sources produced 11 

lower growth (2-51 fold) even though they stimulated the growth of other bacteria. Further enrichment 12 

was attempted by adding sterilized rumen fluid as a habitat-simulating agent. The addition of sheep 13 

rumen fluid increased not only unknown group A but also other bacteria; thus, the degree of enrichment 14 

was low. However, the addition of deer rumen fluid produced higher growth stimulation for unknown 15 

group A in comparison with other bacteria, resulting in 2.9-4.1 fold enrichment (Table 2). The 16 

established FISH protocol allowed successful visualization of unknown group A bacteria in the 17 

enrichment culture, as shown in Figure 4. Unknown group A bacteria were observed as clustered cocci 18 

among the other bacteria. The size of unknown group A bacteria was estimated as approximately 1-2 19 

µm. qPCR analysis of this enriched culture showed a higher abundance of unknown group A in the 20 

solid than the liquid fraction (19.4×108 vs. 3.0×108 copies of 16S rRNA gene / g of culture). 21 

 22 

4  DISCUSSION 23 

In the previous report, we emphasized the seasonal difference in ingested foods of wild deer in the 24 

Shiretoko Peninsula of Hokkaido. In particular, the deer were exposed to poor dietary conditions, in 25 
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which fibrous materials such as bark were the main food source (Ichimura et al. 2004). In the present 1 

study, we confirmed the adaptation of rumen bacteria to such a harsh diet in the late winter; fibrolytic 2 

R. flavefaciens increased in both absolute and relative abundance in winter, together with the increase 3 

of the so far uncharacterized unknown group A bacteria (Figure 3). According to Gram-staining and 4 

morphological classification in the previous report, Gram-negative cocci increased in winter compared 5 

to summer, even though total bacterial counts did not differ (Ichimura et al. 2004). As R. flavefaciens, 6 

a Gram-positive coccus, often stains as a Gram-negative bacterium, the previous result might support 7 

the increase of R. flavefaciens in the present report. The reported increase of acetate proportion during 8 

winter (Ichimura et al. 2004) appears reasonable, as R. flavefaciens produces acetate as a major 9 

metabolite (Ogimoto & Imai, 1981). In regards to adaptive ability to a woody diet in the winter, R. 10 

flavefaciens might be superior to F. succinogenes in terms of attachment to and growth rate on fibrous 11 

materials (Roger et al. 1990; Latham et al. 1978). F. succinogenes is reported to show decreased 12 

attachment to cellulose under high pH and low temperature conditions (Miron et al. 2001). Therefore, 13 

the rumen environment of the present deer in winter may not be suitable for F. succinogenes to exert 14 

its superior fibrolytic actions as generally accepted (Kobayashi et al. 2008). It was reported that 15 

protozoa were represented by Entodinium spp. (> 99%) and no seasonal differences were observed 16 

(Ichimura et al. 2004), which strongly suggests that protozoa do not significantly contribute to the 17 

rumen fermentation and nutrition of the deer investigated. Meanwhile, the function of fungi in deer 18 

rumen remains uncharacterized and requires future investigation. 19 

We identified the presence of unknown groups A and B in the deer rumen that were uniquely 20 

detected in winter and summer, respectively (Figure 2). Unknown group B bacteria showed decreased 21 

abundance in winter (Figure 3). In contrast, unknown group A showed increased ruminal abundance 22 

in winter (Figure 3), and was thus targeted for further ecologic characterization. In fact, unknown 23 

group A can be considered to be a key group for the ability of deer to utilize a highly fibrous diet in 24 

winter. Based on BLAST analysis, 315 sequences having ≥ 97% identity to the representative clone 25 
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SWD59, assigned to unknown group A, were retrieved. These sequences were from the rumen of a 1 

wide variety of wild and domestic ruminants including deer (this study), musk oxen, reindeer, yaks, 2 

camels, buffaloes, goat, sheep, cattle, and zebu cattle, and even from the abomasal mucosa of cattle 3 

and feces of gorillas and orangutans (Table 3). Thus, unknown group A bacteria are thought to be 4 

widely distributed irrespective of animal species, diets, and geographic boundaries. Henderson et al. 5 

(2015) described the world-wide distribution of unclassified Bacteroidetes to which the unknown 6 

group A proposed in the present study is assigned. Furthermore, ecological adaptation and substrate 7 

versatility is suggested in uncultured Bacteroidetes based on the presence of polysaccharide utilization 8 

loci (Mackenzie et al. 2015). This phylum also includes unknown group A. Our previous study dealt 9 

with fiber-associated rumen bacteria, one of which (Orchardgrass-associated bacterium clone no.5, 10 

assigned to the tentatively proposed U1 group) (Koike et al. 2003) was assigned to unknown group A 11 

in the present study. The isolation and physiological analysis of unknown group A bacteria is expected 12 

to assist in the functional characterization of this potentially important member. 13 

As the first step to improve isolation success, enrichment of unknown A bacteria was attempted 14 

by using various carbon sources. Bean husk from soybean and lablab bean is known to selectively 15 

stimulate the growth of Fibrobacter and Ruminococcus (Ngwe et al. 2012; Fuma et al. 2012). 16 

However, oak bark rather than bean husk was successful for the enrichment of unknown group A, 17 

especially when supplemented with the rumen fluid from deer rather than sheep (Table 2). This is due 18 

largely to the adaptation of rumen bacteria to the winter diet (mainly wooden bark) and the possible 19 

presence of growth factor(s) in the deer rumen fluid. In fact, oak bark is reported to be one of the 20 

favorite winter food sources for deer of this area (Ichimura et al. 2004). 21 

Due to quite limited functional information of unknown group A bacteria, it is not easy to predict 22 

their contribution to animal nutrition. However, according to wide distribution of this group among 23 

various herbivores including domestic cattle (Table 3), the bacteria play a certain role in plant 24 

digestion. Based on successful enrichment with oak bark (Table 2), unknown group A bacteria may be 25 

involved in hemicellulose digestion because oak inner bark contains high level of hemicellulose 26 
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(Kojima et al. 2006). The hemicellulose to cellulose ratio in oak bark (0.83) (Kojima et al. 2006) is 1 

higher than those in easily degradable bean husk (0.15 - 0.36) that stimulates the growth of 2 

representative rumen cellulolytics (Fuma et al. 2012). This indirectly suggest that unknown group A 3 

bacteria may prefer more complexed fiber rich in hemicellulose rather than pure cellulose that 4 

Fibrobacter prefers. However, this possibility is to be confirmed by further detailed study. 5 

FISH successfully visualized unknown group A bacteria in the enrichment culture (Figure 4), 6 

which indicates that they are metabolically active in the culture supplemented with oak bark as the sole 7 

carbon source. This may suggest that unknown group A is directly or indirectly involved in the 8 

digestion of bark, a highly fibrous food. In fact, unknown group A bacteria was associated with the 9 

solid rather than the liquid fraction in the enriched culture, indicating their involvement in fiber 10 

digestion. Using the roll tube method with rumen fluid-glucose-cellobiose agar medium (Ogimoto & 11 

Imai 1981) and enriched culture as the inoculum, we picked >600 colonies and screened unknown 12 

group A bacteria through PCR detection. However, none of those were PCR-positive. Although 13 

reasons for the unsuccessful isolation are not clear, an agar medium may not be suitable for growth of 14 

the target bacteria. Further hypotheses and experimentation will be necessary to characterize this group 15 

of bacteria. In the meantime, the omics approach to targeting this group may provide new insights into 16 

the complex mechanism of fiber digestion as well as the seasonal adaptation of rumen flora to the poor-17 

quality winter diet of deer.      18 

Deer in the research area are thought to be capable of more effectively utilizing the less nutritious 19 

fibrous foods available in winter (Takahashi & Kaji 2001) by developing a fibrolytic bacterial 20 

population, including R. flavefaciens and possibly unknown group A bacteria. This may be key to 21 

supplying the energy needed for the survival of deer during the 5-month snowy season. The rumen 22 

bacterial flora of Svalbard reindeer was the first indication of such dietary adaptation in wild ruminants 23 

(Orpin et al. 1985). Subsequent detailed analysis revealed that > 90% of rumen bacteria in these 24 

reindeer represented novel strains (Sundset et al. 2007). A similar finding was reported for Hokkaido 25 

native horses grazed on woodland pastures year-round (Yamano et al. 2008). Thus, research on the gut 26 
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microbiota of wild or semi-wild herbivores exposed to harsh nutritional conditions might provide a 1 

greater understanding of the nutritional strategies of host animals.   2 

 3 

5  CONCLUSION 4 

Wild deer in Shiretoko Peninsula of Hokkaido can extract nutrients from a highly fibrous diet and 5 

survive during the lengthy winter by the adaptation of rumen bacteria. The observed increase of 6 

fibrolytic R. flavefaciens in winter represents one such adaptation. Another could be the development 7 

of unknown group A bacteria belonging to unclassified Bacteroidetes. Further functional 8 

characterization of this group in the rumen will shed light on this important biological process. 9 

 10 
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Figure 1 Sampling site and map of Hokkaido Island, Japan. Hokkaido 
sika deer (Cervus Nippon yesoensis) investigated were shot and 
slaughtered in July and August (summer) and in March (late winter).

Sapporo



Figure 2   A part of phylogenetic 
tree of bacteria detected in the 
rumen of deer shot in summer 
(green) and winter (brown) of the 
Syari district, Shiretoko Peninsula,
Hokkaido, Japan and season-
specific clusters occupied by
unknown bacteria named as
unknown groups A (winter) and B
(summer). Only bacteria affiliated 
to Bacteroidetes are shown. 
Numbers above each node are  
confidence levels (%) generated 
from 1000 bootstrap trees. The 
scale bar is in fixed nucleotide 
substitutions per sequence position.
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Figure 3  Comparison between summer (green) and winter (brown) in rumen bacterial abundance 
of wild sika deer in the Syari district, Shiretoko Peninsula, Hokkaido, Japan. Each value represents 
average ± standard deviation (n=10).
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10µm

Figure 4  Detection of unknown group A bacteria in deer 
rumen digesta by fluorescent in situ hybridization
Whole cell hybridization was carried out using winter 
rumen digesta of deer and Cy3 labelled probe specific to 
unknown group A bacteria. Unknown group A bacteria are 
seen in clustered cocci (Red). Other bacteria are stained 
with  4’,6-diamidino-2-phenylindole (Blue).



Table 1 Target bacterial species and groups and their PCR reactions for characterization of sika deer rumen

Target group Annealing Extension Product
temp. （℃） time （sec） size （bp）

Total bacteria 60 10 194 Muyzer et al. (1993)

Fibrobacter succinogenes 60 18 446 Tajima et al. (2001)

Ruminococcus flavefaciens 55 15 295 Koike and Kobayashi (2001)

Ruminococcus albus 55 10 175 Koike and Kobayashi (2001)

Prevotella ruminicola 53 20 485 Tajima et al. (2001)

Prevotella bryantii 68 22 540 Tajima et al. (2001)

Eubacterium ruminantium 57 30 671 Tajima et al. (2001)

Streptococcus bovis 57 35 869 Tajima et al. (2001)

Selenomonas ruminantium 57 22 513 Tajima et al. (2001)

Treponema bryantii 57 18 421 Tajima et al. (2001)

Unknown group A 1 66 15 229 This study

Unknown group B 2 64 10 150 This study

1 Forward and reverse primers are 5'- GCCGGCGCTCAACGTCGGAA -3' and 5'- CCAGCGGTTAGCCATCATCG -3', respectively.
2 Forward and reverse primers are 5'- CGGCGCAAGCTGTGAGGAAG -3' and 5'- GATCCGAACTGAGACGGGTT -3', respectively.
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		Table 2  Enrichment of bacteria belonging to unknown group A in a complex medium including powdered bark of

		Japanese oak and  sterilized rumen fluid from sheep or deer as medium components.



																						Degree of enrichment (%)

		Supplementation 						Unknown group A				Fold 		Total bacteria				Fold				(Unknown group A

		of rumen fluid						copy / tube				change		copy / tube				change				 / total bacteria)





		No Incubation						1.47		× 105		1		1.6		× 107		1				0.9



		120h incubation

		with rumen of

				Sheep 1				1.54		× 105		1		6.51		× 109		407				0.002



				Sheep 2				6.14		× 106		42		1.97		× 1011		12,312				0.00003



				Deer 1				6.39		× 109		43,469		2.22		× 1011		13,875				2.9



				Deer 2				1.67		× 1010		113,605		4.08		× 1011		25,500				4.1





		Incubation (5mL) with powdered bark of Japanese oak (0.125 mg) and sterilized rumen fluid either from sheep or deer were carried 

		out for 5d in triplicate and the degree of enrichment of unknown group A bacteria was monitored by quantifying unknown group A 

		and total bacteria. Rumen fluid from two sheep on hay diet and two deer shot in winter in the experimental area were added at 30%.





T3_identity

		Table 3  Souces of bacteria belonging to unknown group A * retrieved from GenBank

		Source										No. of sequence

		Digesta/Tissue		Common name		Scientific name		Country		Fed/Wild		(315 in total)



		Rumen digesta		Hokkaido sika deer		Cerevus nippon yesoensis		Japan		Wild		4



		Rumen digesta		Musk ox		Ovibos moschatus		USA		Fed		9



		Rumen digesta		Reindeer		Rangifer tarandus tarandus		Norway		Fed		1



		Rumen digesta		Yak		Bos grunniens		China		Fed		37



		Rumen digesta		Golden takin 		Budorcas taxicolor bedfordi		China		Fed (Zoo)		3



		Rumen digesta		Swamp buffaloes		Bubalus bubalis		Thailand, Tiwan		Fed		16



		Rumen digesta		Bactrian camel 		Camelus bactrianus		China		Fed		2



		Rumen digesta		Dromedary camel		Camelus dromedarius		Australia		Wild		4



		Rumen digesta		Goat		Capra aegagrus hircus 		China		Fed		1



		Rumen digesta		Sheep		 Ovis aries		Japan		Fed		31



		Rumen digesta		Zebu cattle		Bos indicus		Thailand, Japan		Fed		13



		Rumen digesta		Cattle		Bos taurus		USA, Canada, Japan, China		Fed		185



		Abomasal mucosa		Cattle		Bos taurus		Austria		Fed		3



		Feces		Rocky Hyrax		Procavia capensis		Canada		Fed (Zoo)		3



		Feces		Western lowland gorilla		Gorilla gorilla		USA		Fed (Zoo)		2



		Feces		Orangutans		Pongo pygraeus abelii		USA		Fed (Zoo)		1

		* shraing  > 97% sequence identity of 16S rRNA gene
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		Table 2  Number of operational taxonomic unit (OTU) and clones detected in the bacterial 

		16S rRNA gene libraries constructed from rumen digesta of wild  sika deer

		in summer and winter of the Syari district, Shiretoko Peninsula, Hokkaido, Japan.     



		Groups

						Summer (July & August)								Winter (March)





						No. of OTU 				No. of clone (%) 				No. of OTU 				No. of clone (%) 





		Bacteroidetes				39				46  (64.8 %)				36				41  (59.4 %)



		Firmicutes				22				23  (32.4 %)				24				26  (37.7 %)



		Others *				2				2  (2.8 %)				2				2  (2.9 %)



		Total				63				71				62				69





		* Others are Treponema, Proteobacteria,  and archaea.
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Degree of enrichment (%)
Supplementation Fold Fold (Unknown group A
of rumen fluid change change  / total bacteria)

No Incubation 1.47 × 105 1 1.6 × 107 1 0.9

120h incubation
with rumen of

Sheep 1 1.54 × 105 1 6.51 × 109 407 0.002

Sheep 2 6.14 × 106 42 1.97 × 1011 12,312 0.00003

Deer 1 6.39 × 109 43,469 2.22 × 1011 13,875 2.9

Deer 2 1.67 × 1010 113,605 4.08 × 1011 25,500 4.1

Incubation (5mL) with powdered bark of Japanese oak (0.125 mg) and sterilized rumen fluid either from sheep or deer were carried 
out for 5d in triplicate and the degree of enrichment of unknown group A bacteria was monitored by quantifying unknown group A 
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Table 3  Sources of bacteria belonging to unknown group A * retrieved from GenBank
No. of sequence

Digesta/Tissue Common name Scientific name Country Fed/Wild (315 in total)

Rumen digesta Hokkaido sika deer Cerevus nippon yesoensis Japan Wild 4

Rumen digesta Musk ox Ovibos moschatus USA Fed 9

Rumen digesta Reindeer Rangifer tarandus tarandus Norway Fed 1

Rumen digesta Yak Bos grunniens China Fed 37

Rumen digesta Golden takin Budorcas taxicolor bedfordi China Fed (Zoo) 3

Rumen digesta Swamp buffaloes Bubalus bubalis Thailand, Tiwan Fed 16

Rumen digesta Bactrian camel Camelus bactrianus China Fed 2

Rumen digesta Dromedary camel Camelus dromedarius Australia Wild 4

Rumen digesta Goat Capra aegagrus hircus China Fed 1

Rumen digesta Sheep  Ovis aries Japan Fed 31

Rumen digesta Zebu cattle Bos indicus Thailand, Japan Fed 13

Rumen digesta Cattle Bos taurus USA, Canada, Japan, China Fed 185

Abomasal mucosa Cattle Bos taurus Austria Fed 3

Feces Rocky Hyrax Procavia capensis Canada Fed (Zoo) 3

Feces Western lowland gorilla Gorilla gorilla USA Fed (Zoo) 2

Feces Orangutans Pongo pygraeus abelii USA Fed (Zoo) 1
* shraing  > 97% sequence identity of 16S rRNA gene
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		* shraing  > 97% sequence identity of 16S rRNA gene





OTUほか



		Table 2  Number of operational taxonomic unit (OTU) and clones detected in the bacterial 

		16S rRNA gene libraries constructed from rumen digesta of wild  sika deer

		in summer and winter of the Syari district, Shiretoko Peninsula, Hokkaido, Japan.     



		Groups

						Summer (July & August)								Winter (March)





						No. of OTU 				No. of clone (%) 				No. of OTU 				No. of clone (%) 





		Bacteroidetes				39				46  (64.8 %)				36				41  (59.4 %)



		Firmicutes				22				23  (32.4 %)				24				26  (37.7 %)



		Others *				2				2  (2.8 %)				2				2  (2.9 %)



		Total				63				71				62				69





		* Others are Treponema, Proteobacteria,  and archaea.
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