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Abstract 
 

The gastrointestinal tract (GIT) of ruminants have divergent type of microbiome 

provides favourable environment for their growth. In many species, these 

microbiome considered as important source of assessing animal health & welfare.  

A total of 18 different Swedish sheep breeds (n = 15) and Landrace Goats as an out 

group (n = 3) were selected to examine the faecal microbiome, i.e., Rye (n=6), 

Gestrike (n=4), Roslag (n=3), and Cross-breed (Suffolk + Texel) (n=2) & Goat 

(n=3). The replicates of 32 faecal samples were subjected to DNA extraction, the 

gel electrophoresis method, and amplification for PCR products and mixing. The 

positive replicates of all extracted DNA samples were subjected to16s amplicon 

metagenomics coupled with next generation sequencing (Illumina), quality control 

(QC), and generated processed reads of total (1799435) for all bacteria and archaea. 

The total of (10734) amplicon sequence variants (ASV) after the filtration were 

employed for the phylogeny and taxonomy analysis of bacteria at the phylum and 

genus level. Bioinformatics and statistical analysis was done by using DADA2 

pipeline in the R software and PRISM software (Graphpad) for further visual 

graphical presentation of data and compare the taxonomic classification. 

The highest relative abundance was measured for Firmicute (66%) and 

Bacteriodota (29%), Fibrobacteriota (1%), Proteobacteria (1%), and 

Verrucomicrobiota (2%) among top 10 phyla. While, in the top 15 genera, the 

highest relative abundance as shown in UCG-005 (24%), Rikenellaceae RC9 gut 

group (13%), Christensenellaceae R-7 group (12%), Bacteroides (8%), 

Monoglobus (6%), Alistipes (6%), Prevotellaceae UCG-004 (6%), Ruminococcus 

(5%), Akkermansia (4%) and Lachnospiraceae AC2044 group (5%). Bray–Curtis 

distances by Breed (PCoA and NMDS) showed clear difference in the clustering of 

sheep from goat samples and PERMANOVA showed significance results (P<0.05) 

but no significance difference were seen within different Swedish sheep breeds 

according to ANOVA and Tukeys test.  

This research is the first non-culture-based study to analyse the similarities and 

dissimilarities of the faecal microbiome by using 16S amplicon based 

metagenomics coupled with NGS (next generation sequencing) in different Swedish 

breeds of sheep and goat (outgroup). 

 

Keywords: Ruminants, Microbiome, Metagenomics, NGS, Data Analysis 

 

 



 

 

Table of Contents 

List Tables ………………………………………………………………………..7 

List of Figures …………………………………………………………………….8  

Abbreviations …………………………………………………………………….9 

1. Introduction……………………………………………………………..10 

1.1 Background………………………………………………………………….10 

1.2 Statement of Problem.………………………………………………………12 

1.3 Hypothesis…………………………………………………………………...12 

1.4 Objectives ……………………………………………………………………12 

 

2. Literature Review ………………………………………………………13 

2.1 Swedish Sheep……………………………………………………………….13 

2.2 Microbiome……………………………………………………………….....14 

2.3 Lower Gastrointestinal tract microbiome contributions……………....15 

2.4 Molecular Identification……………………………………………………15 

2.4.1 Metagenomics………………………………………………………15  

2.4.2 Next Generation Sequencing……………………………………..16  

2.4.3 Bioinformatics for metagenomics………………………………..16 

  

3. Material Methodology…………………………………………………..17 

3.1  Sample collection…………………………………………………………..17 

3.2  Molecular Analysis………………………………………………………...19  

3.2.1 Work Flow…………………………………………………………..19  

3.2.2 DNA Extraction…………………………………………………….20  

3.2.3 PCR Amplification…………………………………………………22  

3.2.4 Agarose Gel Electrophoresis method……………………………23  

3.2.5 Nano-Drop spectrophotometer and Qubit Assay Test…………24  

          3.3   Data Analysis procedure……………………………………………………24  

         3.3.1 Beta Diversity Indices for statistical approach……………..……….….25  

 

 

 

 

 

 

 



 

 

 

4.   Results………………………………………………………………….26  

    

   4.1   Gel-Electrophoresis images………………………………………….......26 

   4.2   Qubit Assay Test…………………………………………………………...28 

   4.3   Quality Control (QC)……………………………………………………...29 

   4.4   Sequencing results and Taxonomy description………………………...29  

   4.5   Compositional Microbial analysis (Bar graphs)………………………30 

   4.5.1 Bar graph of Taxa relative abundance of bacterial Phyla…………30 

   4.5.2 Bar graph of Taxa relative abundance of bacterial Genera………...32 

   4.6   Bar graph of relative abundance analysis…………………………...…34 

   4.7   Comparative Statistical Data Analysis………………………………….39  

   4.7.1 Beta Diversity Index……………………………………………………....39 

   4.7.2 Principle coordinate analysis (PCoA) (Bray Curtis indices)…….....39  

   4.7.3 Non-Metric multi-dimensional scaling………………………………....41 

   4.7.4 PERMANOVA Test………………………………………………………..42  

   4.7.5 ANOVA Test………………………………………………………………..43  

   4.7.6 Tukey’s Test…………………..…………………………………………….44 

   4.7.7 Simper Test………………………………………………………………….45 

 

5. Discussion………………………………………………………………...46  

  

  5.1 Microbial Composition in sheep…………………………………………….46 

  5.2 Breed Genetic Effect ………………………………………………………….47 

  5.3 Function of most common taxa groups……………………………………..48  

 

6. Conclusion………………………………………………………………...49  

   

   Acknowledgment………………………………………………………….50 

 

7. References………………………………………………………………....51 

   

 

 

 

 

 



 

 

 

 

Table List 
 

 

Table 1. Names of species, replicates with numbers, breeds & feed………...18 

Table 2. Showing the names of species, sample codes & sample identity…...21 

Table 3. Details of the primers…………………………………………….....22 

Table 4. Optimized cycling protocol for PCR………………………………..23 

Table 5.  Final list of DNA Extracted samples & Qubit Assay Test………....28 

Table 6.  PERMANOVA Test………………………………………………..42 

Table 7.  ANOVA Test……………………………………………………….43 

Table 8. Tukey’s test ………………………………………………………....44 

 

 

 

 

 

 



8 

. 

 

 

 

 

 
 

 

 

Figure List  

 

Figure 1.  The workflow from DNA samples to final data……………............19 

Figure 2.  Gel electrophoresis of DNA Extraction (S1-S4)……………….......26 

Figure 3.  Gel electrophoresis of DNA Extraction: (S5-S12)………………....27 

Figure 4.  Gel electrophoresis of DNA Extraction: (S13-S24)……………......27 

Figure 5.  Gel electrophoresis of DNA Extraction: (S25-S32)……………......28 

Figure 6.  Percentage relative abundance (top 10 phyla of 5 Group)…............30 

Figure 7.  Percentage relative abundance at Phylum (sample wise)……..........31 

Figure 8.  Percentage relative abundance of 15 taxa at Genus level… …….....32 

Figure 9.   Relative abundance of all genera groups………………………......33 

Figure 10. Percentage abundance of top 15 genera of RYA sheep……….......34 

Figure 11. Percentage abundance of top 15 genera of GESTRIKE sheep…....35 

Figure 12. Percentage abundance of top 15 genera of ROSLAG sheep……...36 

Figure 13. Percentage abundance of top 15 genera of HYBRID sheep.….......37 

Figure 14. Percentage abundance of top 15 genera of goat Landrace ………..38 

Figure 15. PCoA (Bray-Curtis indices by Breed)……………………………..40 

Figure16.  Eigenvalues values…………………………………………...........40 

Figure 17. Non-Metric multidimensional scaling (NMDS)………….………..41 

Figure 18. Simper graph at Genus level ……………………………….….......45 

 



9 

 

 

 

 

 

 

 

 

 

 

Abbreviations  
     

DF……………………...Degrees of Freedom  

NGS……………………Next Generation Sequencing  

NMDS……………….....Non-Metric Multidimensional Scaling                                          

P ………………………. P value (Significance Value)  

PCoA……………….…..Principle Coordinate Analysis  

PCR…………………….Polymerase Chain Reaction  

R………………………..Regression (Percentage of Variance) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 

 

 

 

 

 

1. Introduction  

 

 1.1 Background 

The study of microbiome is an important research subject, related to ecological 

evolution (Ley et al., 2008), because of its significance to animal health and welfare 

(Backhed et al., 2005). Over 3.8 billion years, bacteria and archaea, were 

considered as two types of prokaryotes, undergone evolution (Woese et al., 1987). 

According to similarities and differences in their phenotypic characteristics, living 

organisms were traditionally classified into prokaryotes and eukaryotes and 

distributed further into distinct kingdoms, phyla, classes, orders, families, genera, 

and species (Woo et al., 2008). Different parameters are interlinked to microbial 

diversity and microbial evolution, such as age, sex, breed variation, changes in 

nutrition, and extrinsic factors such as changes in nutrition, lifestyle, environment, 

and the influence of host-intestinal microbiome relationships (Wallace et al., 2011; 

Dubois et al., 2017; Wasimuddin et al., 2017; Ng et al., 2018; Cholewinska et al., 

2020). The microbial community present in the body indicate the health status of 

animal (Zilber et al., 2008). 

The gastrointestinal tract (GIT) is a multipurpose organ that maintains a dynamic 

microbiota population that interacts with the host's physiological, nutritional, and 

immunological systems (Brestoff and Artis, 2013). Ruminant consist of mainly 

anaerobic and moderately aerobic bacteria (Firmicutes and Bacteroidetes), with 

limited proportions of Proteobacteria, Fibrobacteres, Tenericutes, Actinobacteria 

(Cholewinska et al., 2020). These microorganisms contribute to the breakdown of 

plant fibers into volatile fatty acids and ammonia (Hobson et al., 1997). These 

products are digested and assimilated by ruminants microbiome to support vital 

mechanisms such as development, physiology, nervous system, thermoregulation, 

and immunity (Khan, Weary, and Von Keyserlingk, 2011; Dinan et al., 2013; Rey 

et al., 2014; Dinan et al., 2017; Cussotto et al., 2018). Additionally, the intestinal 

microbiome are involved in the development of villi of the ruminant wall (Klein et 

al., 1987; Beharka et al., 1998). 
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Approximately 200 ruminant species have been identified (Cholewinska et al., 

2020). Sheep and goat consist of several different species as well as breed, and this 

may be one of the variable which differentiating the microbiome of the 

gastrointestinal system (GIT) in ruminants. It has been revealed that the breed has 

an influence on ruminant microbial diversity (Hernandez-Sanabria et al., 2010). In 

addition, it was investigated on the basis of breed’s genetic makeup, depicted the 

positive impact of host itself on microbial diversity of the GIT system in ruminants 

(Sasson et al., 2017; Gart et al., 2019). Additionally, it has also been demonstrated 

that the sire breed has an impact on the intestinal microbiome of offspring's 

(Youngblut et al., 2019). 

Microbial diversity assessment from complex environments has become accessible 

to broad range of research because of the sequencing tools have gradually shifted 

the conventional Sanger’s method to new generation sequencing technologies. 

These technologies are cost-effective and the procedures are least time-consuming 

(Brazelton et al., 2010; Fadrosh et al., 2014; D’Amore et al., 2016).Kerr The NGS 

sequencing (Illumina) method is increasingly being utilised in 16S rDNA 

sequencing to conduct diverse microbiome studies i.e. microbial community 

diversity (Milani et al., 2013; Fadrosh et al., 2014; Sinclair et al., 2015; Kerrigan 

et al., 2019). In order to diagnose diseases, biomarkers, and target microbes, 16S 

rDNA sequencing has made it possible to identify microbial populations in both 

healthy and diseased animal’s worldwide (Fadrosh et al., 2014). Furthermore, 16S 

rDNA sequencing can assist doctors to choose the optimal medications and predict 

the course of treatment by identifying the etiologic causes of infectious disease 

(Woo et al., 2008). The microbial community (beneficial bacteria) present in the 

GIT track of ruminant indicated the health status of animal (Van Donkersgoed et 

al., 1999; Van Baale et al., 2004; Dowd et al., 2008; Lettat et al., 2012, Bowles et 

al., 2014), but the knowledge about the microbiome exist in the major part of the 

body particularly large intestine has little information (de Oliveira et al., 2013). 

Therefore, a well-established technique was essential for identifying the faecal 

microbiome in distinct Swedish sheep breeds by the 16S amplicon based 

sequencing coupled with next generation technique (Illumina).  
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1.2 Statement of Problem 

Animals, especially sheep and goat are significantly used as a food sources in the 

rapidly developing human population in the world. These livestock animals in the 

presence of microbiome efficiently convert their feed into high nutritional value 

products. On the other hand, microbiome has a direct effect on the animal health 

via GIT functions such as body weight, prolificacy, milk supply, and mortality rate.   

Information of the microbial diversity regarding change in the composition of 

faecal microbiome of the Swedish sheep breeds can be a basis of knowledge for 

future scientific research and useful for the application of further successful 

molecular protocols. However, there is inadequate studies as well as no prior 

research have been conducted to analyse the faecal microbiome for the 

determination of microbial diversity in different Swedish sheep breeds. Thus, it is 

might important to examine the microbiome among different Swedish breeds of 

sheep and goat (outgroup). 

1.3 Hypothesis 

In several microbial community-based studies, genetic variation has already been 

considered to have association with microbial diversity (Steury et al., 2019). We 

anticipated that closely-related animals would share similar faecal microbiome and 

differences would occur in different Swedish sheep breeds and goat. 

 

 

1.4 Objective 

 

The purpose of the current research study was to examine similarities and 

differences in determining microbial diversity by using 16S gene profiling and 

bioinformatics data analysis in different Swedish breeds of sheep and goat 

(outgroup).  
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2. LITERATURE REVIEW 

2.1 Swedish sheep  

In the end of the 18th century to the First World War, local sheep populations in 

Europe (EU) were evolved into landrace breeds (Ruane et al., 1999). Sheep are 

beneficial animal for the extensive and dynamic production system. Sheep are 

maintained and bred for a variety of reasons, including production of meat, milk, 

or wool; conservation; or a combination of these. In northern Europe, domesticated 

sheep breeds commonly exhibit the finer undercoat of wool and also 

contain another layer of finer wool, covers the coarse outer coat (Ryder, 1984 and 

1991).  

Swedish sheep have unusual traits, such as a short tail and massive horns that may 

be used as a weapon as comparing with the most sheep in the world. These breeds 

were distinguished by their primitive characteristics, which included dual-coated 

wool, short fluke-shaped tails, and a change in coat colour, pattern, variety, 

hardness, and procreativity (Dyrmundsson & Niznikowski 2010). The Swedish 

domestic sheep breeds are considered primitive among North European short-tailed 

sheep (Dyrmundsson & Niznikowski 2010). Although, there are 13 distinguishable 

Swedish sheep breeds, but only a few of them have been considered in this study to 

identify the microbial diversity of sheep. In addition, RYA sheep were known as 

the Swedish native breed. Local sheep breeds have magnificent horns for fighting 

against predators. Males weigh about 50 kg, while females weigh about 30–40 kg. 

They normally give birth to one lamb a year, whereas twins are common (Dahlberg 

et al., 2012). ROSLAG sheep are derived from a single herd in the Roslagen region 

of Sweden (countryside). Individually, both rams and ewes are white or black with 

white patches or mottled in colour. Unlike most of the lambs, some are born brown 

at the time of birth. ROSLAG sheep females weigh about 30–40 kg and males 

weigh about 50 kg, while they normally give birth to one lamb a year, whereas 

twins are common (Dahlberg et al., 2012). The GESTRIKE sheep breed originated 

in Gestrikland County. It is considered to be the oldest breed and has retained a 

variety of shades and features. Males and females can develop their horns. Usually, 

GESTRIKE females weigh about 45 kg, whilst males weight 60–70 kg (Dahlberg 

et al., 2012). In order to avoid inbreeding, all the lamb rams were kept maintained 

during the breeding season to allow the flock to mate independently (Dahlbeck et 

al., 2012).  

 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-294X.2005.02727.x?casa_token=XfkXzjdB9eEAAAAA%3AmLD-H1DsTfTbDbovbcRs7pd06NHtB12eVhc3hYnxqiFSdSI7elBrhPGZV_sLHfL1f9VBX6-jsBoq2OKkzw#b2
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-294X.2005.02727.x?casa_token=XfkXzjdB9eEAAAAA%3AmLD-H1DsTfTbDbovbcRs7pd06NHtB12eVhc3hYnxqiFSdSI7elBrhPGZV_sLHfL1f9VBX6-jsBoq2OKkzw#b2
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-294X.2005.02727.x?casa_token=XfkXzjdB9eEAAAAA%3AmLD-H1DsTfTbDbovbcRs7pd06NHtB12eVhc3hYnxqiFSdSI7elBrhPGZV_sLHfL1f9VBX6-jsBoq2OKkzw#b2


14 

 

2.2 Microbiomes 

In this thesis, the word "microbiome" was used with continuous consistency to 

discuss the community of microorganisms that comprises bacteria and archaea. 

This terminology defines the whole habitat, comprised the microorganisms 

(bacteria, archaea, lower and higher eukaryotes, and viruses), genetics (i.e., 

genome), and external environmental factors (Marchesi & Ravel, 2015). These 

microbiome interact within a specialised ecosystem in the body, such as GIT, skin, 

faeces, soil, or even different areas of the ocean for the availability of nutrition and 

the ecological environment (Marchesi & Ravel, 2015). Our knowledge of the 

microbiome and its effects on health and disease diagnosis within hosts has grown 

significantly over the past ten years (Virgin et al., 2014). The microbiota is directly 

associated with the composition of a microbial community, whereas the 

microbiome covers not just microorganism composition but also genetic makeup 

and environmental exposures. The composition of a microbial community is closely 

linked to the microbiota, while the microbiome also shows an organism's genes and 

how it interacts within breed. The idea of a "microbiome" was first presented by 

Whipps and Cooke (1988).  

"A convenient ecological framework in which to examine biocontrol systems is that 

of the microbiome." This may be defined as a characteristic microbial community 

occupying a reasonably well-defined habitat which has distinct physio-chemical 

properties. The term thus not only refers to the microorganisms involved but also 

encompasses their "theatre of activity".  

The term commensal symbiosis is used for those microbiomes who have synergistic 

effect and contribute their response positively (Hooper et al., 2001; Tremaroli & 

Backhed, 2012). In healthy animals, the majority of these microorganisms are 

neutral or beneficial, forming a commensal relationship in which they aid in 

digestion and immune system modulation, resulting in a host with a balanced 

microbial community (Hooper et al., 2001).  
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2.3 Lower gastrointestinal tract microbiome contributions 

Ruminant faeces are occupied by a dense microbiome comprising of bacteria, 

archaea, protozoa, and fungi. The microbiome structure and microbial composition 

in sheep are made up of several bacterial taxa such as Firmicutes, Bacteroidaceae, 

Ruminococcaceae, Verrucomicrobiaceae, Lachnospiraceae, and Prevotellaceae. 

Theses bacteria are significant part of intestinal microbiota of sheep and goat than 

any other taxa (Li et al., 2016). Beneficial microorganisms protect the intestine by 

competing for insufficient supplies from the host, monitoring the host's immune 

response, enhancing protection against pathogens, producing vitamins, completing 

metabolic processes, and maintaining intestinal homeostasis (Backhed et al., 2005; 

Cerf-Bensussan and Gaboriau-Routhiau, 2010; Brestoff and Artis, 2013). For 

diagnostic purposes, microbiomes in ruminant rumens and faeces have been 

considered in assessing animal health (Lettat et al., 2012; Dowd et al., 2008). The 

different parameters existing in the digestive tract include redox potential, pH, gut 

motility and host secretions, which altogether influence the microbial diversity of 

the post-ruminal gastrointestinal tract. For example, in the abomasum, the 

breakdown of the major parts of microbes occurs, passing from the rumen into the 

ileum by the low pH and enzymatic activity. The fermented environment generated 

by increasing microbial density in the ileum and moving on to the caecum, colon, 

and faeces systematically (Frey et al., 2010; De Oliveira et al., 2013; Popova et al., 

2017; He et al., 2018; Yeoman et al., 2018). 

2.4 Molecular Identification 

2.4.1 Metagenomics  

For the first time, Handelsman defined the term "metagenomics" to explain the 

newly emerging field that determines genetic material extracted directly from 

samples (Handelsman et al., 1998). The word "microbiome" is used to consider the 

bacterial communities that are linked to the animal body, while "metagenomics" 

refers to the study of microbial communities that do not survive in traditional 

culture. Metagenomics approaches have been developed and comprises of wide 

range of techniques to analyse various components of the microbial environment 

and the metagenome. Additionally, the metagenomics library identified various 

types of microorganisms (Venter et al., 2004; Kvist et al., 2007). It enables us to 

determine the diverse variety of microbial communities, which include thousands 

of bacteria and archaea species. 
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2.4.2 Next-Generation sequencing 

Culture-independent microbial ecology research is now possible due to the rapid 

advancement of NGS technology. The majority of the literature demonstrated the 

importance of the small subunit of the ribosomal RNA gene, known in prokaryotes 

as the 16S rRNA gene and in eukaryotes as the 18S rRNA gene (Pace et al., 1986; 

Woese et al., 1987; Schmidt et al., 1991; Slonczewski and Foster, 2009). The 16S 

rRNA gene is the major component of ribosomal subunit of bacteria, comprises of 

hypervariable and conserved regions, which shows specificity at genus or species 

level. On the basis of conserved regions, genetic markers can be used to analyse the 

population structure of bacteria and archaea (Yu et al., 2008).  

For the identification of microorganisms, PCR amplification with universal primers 

designed for 16S rDNA amplicon metagenomics sequencing in conservative 

regions were considered to be the best techniques (Youssef et al., 2009; Caporaso 

et al., 2011; Hess et al., 2011). In addition, characteristic nucleic acid sequences 

can also be used to identify microbial diversity by considering the hypervariable 

regions of the 16S gene in determining amplicon sequence variation (ASV). This 

procedure includes amplifying samples' variable regions with specific primers, 

producing a high-quality sequencing library, and evaluating the generated 

sequences by data analysis (Wolcott et al., 2016). For each sequencing protocol, 

Metzker et al. (2010) described how the template is made and how the sequencing 

can be done. 

2.4.3 Bioinformatics for metagenomics  

The scientific field of bioinformatics is focused on developing different methods 

for the appropriate utilisation as well as interpretation of practical data in 

biomedical sciences (Hogeweg et al., 2011). For the study of metagenomics, 

bioinformatics necessitates the use of a variety of tools to perform three major tasks: 

sequence quality control, sequence assembly, and sequence classification (Kunin et 

al., 2008). The technique to synthesise extended, continuous sequences (contigs) 

from sequence reads is referred to as sequence assembly (Pop et al., 2009). The 

classification of sequence reads or contigs into their accurate taxonomic population 

is the important step in metagenomic research apart from the statistical analysis. 

Initially, this approach was carried out by sequence similarity tools such as the basic 

local alignment search tool (BLAST) (Altschul et al., 1990; Boisvert et al., 2012; 

Namiki et al., 2012), but the time constraints was one of the major problem, now 

reference sequence approach has considered to be easiest way for taxonomic 

annotation/classification. 
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3. Material Methodology 

3.1 Sample collection  

A total of 18 faecal samples (without replicates) of sheep (n=15) and the 

supplementary samples of goats (n=3) were selected in this research study, obtained 

by supervisor (Dr. Erik Pelve) from the Department of Anatomy, Physiology, and 

Biochemistry and co-supervisor (Dr. Anna Maria Johansson) from the Department 

of Animal Breeding and Genetics at SLU. The different breeds of sheep i.e. RYA 

(Local breed), GESTRIKE (Heritage breed), ROSLAG (Rare breed), and a cross of 

SUFFOLK and TEXEL (Hybrid meat breed) as well as Swedish Landrace of goat 

as an outgroup were employed for the sample collection. All faecal samples were 

collected from different farms near Uppsala such as RYA from Farm A, 

GESTRIKE from Farm B, ROSLAG and SUFFOLK and TEXEL from same Farm 

C and Swedish LANDRACE goat (dairy goat) faecal samples were taken from Farm 

D (Svensk Lantrasget) at SLU. The Swedish breeds of sheep were provided ad 

libitum water and fed with almost same feed with slight difference as mentioned in 

the (Table 1).  

The RYA sheep was fed on eating silage and concentrates (concentrate with 80% 

barley, 20% wheat) along with mineral feed with copper. They also got some straw 

from barley with some other mixed plant herbs into it. The GESTRIKE sheep was 

given silage during the winter and spring with a small amount of concentrates 

("Edel får"). The ROSLAG sheep and SUFFOLK and TEXEL sheep were grazing 

and given silage in the winter. The pregnant ewes and the first time after birth 

(before grazing season starts) also got the feed with the name of "fårfor tacka". 

LANDRACE goat were given ensilage, or mix between haylage and concentrates, 

feed grains and wheat 80% and barley 20% wheat + mineral supplement with 

copper. Some barley straw were also provided with grass between meals. The 

animals at the farm level were not considered to be experimental animals. 

Therefore, no special ethical permission was required. Sheep samples such as some 

of the samples were frozen within the same day and some were sent overnight.  

None of the faecal sample was frozen immediately except the goat faecal samples 

(frozen within an hour) and stored at -20.  
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Table 1. Names of species, replicate numbers of each breed with names, farms and 

feed 

 

No. Species Breeds names 

_no. 

Farms  Feed 

1. Sheep Gestrike1_n2 B Silage & Concentrate (Edel får) 

2. Sheep Gestrike2_n3 B Silage & Concentrate (Edel får) 

3. Sheep Gestrike3_n3 B Silage & Concentrate (Edel får) 

4. Sheep Gestrike4_n1 B Silage & Concentrate (Edel får) 

5. Goat Goat_G1_n1 D Silage/mix haylage and concentrates 

6. Goat Goat_G2_n1 D Silage/mix haylage and concentrates 

7. Goat Goat_G3_n1 D Silage/mix haylage and concentrates 

8. Sheep Hybrid_B1_n1 C "fårfor tacka"& silage 

9. Sheep Hybrid_B2_n1 C "fårfor tacka"& silage 

10. Sheep Roslag_R1_n1 C "fårfor tacka"& silage 

11. Sheep Roslag_R2_n1 C "fårfor tacka"& silage 

12. Sheep Roslag_R3_n1 C "fårfor tacka"& silage 

13. Sheep Rya1_n3 A Silage & concentrate, minerals 

14. Sheep Rya2_n3 A Silage & concentrate, minerals 

15. Sheep Rya3_n2 A Silage & concentrate, minerals 

16.   Sheep  Ry4_n2 A Silage & concentrate, minerals 

17.   Sheep  Rya5_n3 A Silage & concentrate, minerals 

18.   Sheep Rya6_n2 A Silage & concentrate, minerals 
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3.2 Molecular Analysis  

 

3.2.1 Work Flow  

 

The workflow started with the sample preparation by genomic DNA extraction 

method, followed by PCR amplification of DNA (quality control) for initial 6 faecal 

samples of sheep breeds. The extracted DNA of 100 µl for all 32 samples (included 

replicates of RYA and GESTRIKE breed) as mentioned in the (Table 2) were added 

into separate 32 eppendorf with ID sample number dispatched to the Novogene. 

The amplicons were then purified for further amplicon library preparation along 

with quality control protocols. To sequence the amplicon genomic library, SBS 

(Sequence by synthesis) technique was employed coupled with next generation 

sequencing by the Illumina NovaSeq 6000 platform. Quality control protocol 

subsequently were performed to validate the data, bioinformatics and statistical 

analysis were done for further visual graphical presentation of data to analyse and 

compare the taxonomic classification at phylum and genus level. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The workflow from DNA samples to final data 
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3.2.2 DNA Extraction 
 

The total 32 frozen faecal samples (included replicates of RYA and GESTRIKE 

sheep breeds) as mentioned in (Table 2) were subjected to a beat beating step before 

the start of genomic DNA extraction protocol. 0.3g of 0.1mm Zirconium Silica 

beads were added to a 2ml screw top tube for each samples. The faecal samples  

(n=32) of approximately 10 mg were mixed with 500µl of ATL buffer according to 

the instructions of DNeasy Blood and Tissue Mini Kit (QIAamp_ Catalogue 69504 

and 69506) with the beat beating step in the Pre-cell lyse machine with 2 cycles for 

60s at 8000 rpm for 15s for all samples. 

After the beat beating step, all faecal samples were centrifuged at 7000 rpm (1000g) 

for 2 min then the supernatants were added to new eppendorf tubes. The 

centrifugation step was repeated at maximum speed (13000 rpm) for 1 min to 

collect the 200µl supernatant into a new 2 ml eppendorf tube. The 200µl 

supernatant for each samples were mixed with 180µl of ATL buffer and 20µl 

Proteinase K (∼20 mg/ml). The samples were incubated at 900 rpm at 56°C for 10 

min. The homogenised mixtures for all samples were then mixed with 200 µl of AL 

buffer for each and then incubated at 900 rpm at 56°C for 10 min. After the 

incubation, the 32 sample mixtures were dissolved in 200 µl for each of 96-100% 

of Ethanol carefully.  

The mixture samples were pipetted out into the DNeasy mini spin column placed 

in a 2ml collection tube for all samples separately and centrifuged at 8000 rpm at 

56°C for 1 min. The supernatant were discarded and the remaining DNA from the 

mixture were obtained in the collection tube, then added 500 µl of AW1 and 

centrifuged at 8000 rpm at 56°C for 1 min for each sample. The same step were 

repeated and a spin column were placed in the new 2ml collection tube and 500 µl 

of AW2 were added and centrifuged at 14000 rpm at 56°C for 3min for each 

sample. The spin column were transferred to a new 2ml centrifuge tube for each 32 

faecal samples. The genomic DNA were eluted for all samples by adding a 200 µl 

AE buffer for each to the centre of the spin column membrane, incubated for 1 min 

at room temperature (15-25°C).  

The final centrifugation proceeded at 8000 rpm for 1 min. The last same step was 

repeated to get more yield of DNA as an optional step for few replicates (N1- N5) 

as mentioned in the (Figure 5) but these replicates were not included in the actual 

total 32 extracted DNA samples. The extracted DNA samples were then preserved 

at -20°C after the completion of DNA extraction protocol. 
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Table 2. Showing the names of species, sample codes with their sample identities 

 

No. Breeds & Landrace  Samples Identity Codes of Samples 

1. RYA sheep R-S1a 20220523 #S1 

2. RYA sheep R-S3a 20220523 #S2 

3. RYA sheep R-S2a 20220523 #S3 

4. GESTRIKE sheep G-S3a 20220523 #S4 

5. RYA sheep R-S5a 20220523 #S5 

6. RYA sheep R-S4a 20220523 #S6 

7. RYA sheep R-S6a 20220523 #S7 

8. GESTRIKE sheep G-S2a 20220523 #S8 

9. LANDRACE goat G1  20220523 #S9 

10. LANDRACE goat G2 20220523 #S10 

11. GESTRIKE sheep G-S3b 20220523 #S11 

12. LANDRACE goat G3 20220523 #S12 

13. ROSLAG sheep RosR1 20220523 #S13 

14. ROSLAG sheep RosR2 20220523 #S14 

15. GESTRIKE sheep G-S1a 20220523 #S15 

16.     SUFFOLK + TEXEL 

(Hybrid sheep) 

HB1 20220523 #S16 

17. ROSLAG sheep RosR3 20220523 #S17 

18. RYA sheep R-S6b 20220523 #S18 

19. RYA sheep R-S2b 20220523 #S19 

20. SUFFOLK+ TEXEL 

(Hybrid sheep) 

HB2 20220523 #S20 

21. GESTRIKE sheep G-S2b 20220523 #S21 

22. RYA sheep R-S1b 20220523 #S22 

23. RYA sheep R-S5b 20220523 #S23 

24. GESTRIKE sheep G-S4 20220523 #S24 

25. RYA sheep R-S2c 20220521 #S25 

26. RYA sheep R-S3b 20220521 #S26 

27. RYA sheep R-S1c 20220521 #S27 

28. RYA sheep R-S5c 20220521 #S28 

29. GESTRIKE sheep G-S3c 20220521 #S29 

30. GESTRIKE sheep G-S1b 20220521 #S30 

31. GESTRIKE sheep G-S2c 20220521 #S31 

32. RYA sheep R-S4b 20220521 #S32 
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3.2.3 PCR Amplification 

 

Polymerase chain reaction (PCR) amplification method was performed to amplify 

a portion of the hypervariable regions such as, V3–V4 and V4–V5 of bacterial 

primers (341F & 806R) and archaeal primers (Arch 519F & Arch 915R) 

respectively as mentioned in the (Table 3). PCR method was used only as a quality 

control test to amplify initial 6 samples of extracted DNA samples such as, sheep 

breeds i.e RYA (R-S) and GESTRIKE (G-S) i.e. R-S6a, R-S5a, R-S4a, G-S2a, G-

S3a, G-S4a (these amplicons were not included in the final samples list which were 

being sequenced). PCR was performed by using 2 × HotStarTaq Master Mix (10 x 

PCR buffers, dNTP mix 10mM of each, reverse and forward primers of 1µl each, 

HotStarTaq DNA Polymerase 0.5µl of each and distilled water in variable quantity) 

were added with 1µl of each template DNA to make 100µl PCR product. The PCR 

cycling conditions were applied such as, the initial activation, denaturation, 

annealing and extension to complete 35 cycles as mentioned in the (Table 4). 

 

 

Table 3. Details of the primers  

 

No. Species 

Target 

Primers 

 

Direction Sequence Region Amplicon 

length (bp) 

 

1. 

 

Bacteria 

Primers 

341F Forward CCTAYGGGRBGCASCAG V3-V4 470 

806R Reverse GGACTACNNGGGTATCT

AAT 

V3-V4 470 

 

2. 

 

Archaea 

Primers 

519F Forward CAGCCGCCGCGGTAA 

 

V4-V5 400-500 

915R Reverse GTGCTCCCCCGCCAATTC

CT 

V4-V5 400-500 
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Table 4. Optimized cycling protocol for PCR 

 

 

No. Steps Temperature Time 

1. Initial activation step 95°C 15 min 

2. 3- Step Cycling   

a. Denaturation 94°C 0.5-1min 

b. Annealing 62°C 0.5-1min 

c. Extension 72°C 1min 

d. Number of Cycles 35  

3. Final Extension 72°C 10 min 

 

 

3.2.4. Agarose gel electrophoresis  

 

For the confirmation of gene amplification, 0.7% agarose (0.35g) was dissolved in 

a 50ml of 1X TAE buffer. The solution was then heated in a microwave for 2 to 3 

times within almost 10s to make a clear solution. 0.5µl of diluted gel red solution 

were added for the visualization of clear bands. The gel mixture was poured out 

into a gel casting tray to be solidified. A comb was used in order to make wells, 

then removed after the gel solidification and placed into the electrophoretic tank. 

The 5µl of each extracted DNA sample were mixed with 0.5µl loading dye for each 

sample and introduced into the gel wells. An 80-100 volts of power was supplied 

to run out agarose gel electrophoresis method for about 30-45 min. After the 

completion of gel electrophoresis process, clear bands were visualised under UV 

light. 
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3.2.5 Nano-Drop spectrophotometer and Qubit Assay Test  

 

In order to check the purity and concentration of genomic DNA, Nanodrop 2000 

technique (spectrophotometric devices) was performed in accordance with 

A260/A280 absorbance ratio, reported as mean values ±SEM for all 32 samples. 

The ratio was fluctuated in between 15.1 ng/μl to 21.5 ng/μl. For the precise and 

accurate quantification of genomic DNA, Qubit dsDNA BR (Broad Range) Assay 

Kits (Catalogue Q32851-Invitrogen, Carlsbad, CA, USA) was used to quantify 

dsDNA fluorometrically. The BR (Standard 1 = 0 ng/μl DNA in TE buffer, 

Standard 2 = 100 ng/μl DNA in TE buffer) were used. For the preparation of Qubit 

working solution, the Qubit dsDNA BR Reagent was diluted in 1:200 ratio in Qubit 

dsDNA BR Buffer according to the instructions provided in the Qubit Assay Kit 

(Catalogue Q32851).  

The final 100μl concentration of each 32 extracted genomic DNA were converted 

into separate 32 eppendorf tubes with their respective labelled sample I.D numbers 

as mentioned in (Table 2). These extracted genomic DNA samples were delivered 

to Novogene Company for further 16S amplicon metagenomics sequencing.  

 

 

3.3 Data analysis procedures 

 

To describe the faecal microbiome in different Swedish breeds of sheep and goat, a 

total 32 replicates of ruminants samples (sheep and goat) were selected. For all 

replicates of each individual, percentage mean values were used (graphical 

presentation) for measuring the compositional microbial analysis. In order to 

analyse the clustering of the composition of microbiome in the faecal samples, 

(DADA2) pipeline were used to generate the taxonomy of bacteria according to 

their amplicon sequence variant (ASV) data i.e. Kingdom, Phylum, Class, Order, 

Family, Genus and Species. The representative sequences of each ASV were 

taxonomically annotated to obtain the corresponding taxa information and taxa-

based abundance distribution. 

 

 

 

 

 

 

 



25 

 

 

 

 

3.3.1 Beta Diversity Indices 

 

For Bioinformatics & statistical approach, R software (version_4.2.1) included 

vegan, ggplot2 and phyloseq packages (Oksanen et al., 2007) as well as PRISM 

software (Graphpad, version_ 9.3.1) were used for the presentations of all graphs 

and statistical data analysis. Beta diversity dissimilarity matrix was performed to 

measure the difference in species composition in the microbial community between 

pairwise breeds (Minozzi et al., 2020). Different indices were implemented within 

and among sample variability groups on the basis of ASV counts for taxonomic 

classification. For example, statistical approach included (PCoA & NMDS) based 

on Bray-Curtis dissimilarity indices (Bray et al., 1957). For the evaluation of data, 

the Permutational analysis of variance (PERMANOVA), ANOVA, Tukeys and 

Simper Test (Biscarini et al., 2018) were implemented to explain significant 

differences in the structure of the microbial community between the breeds. 
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4. Results 
 

 

4.1 Gel Electrophoresis images  

 

In order to analyse the presence of the 16S gene and potential inhabitants of the 

PCR reaction, a total of 32 samples included replicates of RYA (n= 15) and 

GESTRIKE (n=9), ROSLAG (n=3), HYBRID  (n=2) sheep breeds and goat  

LANDRACE (n=3) were collected and processed for further genomic DNA 

extraction as mentioned in the (Table 2). All the  extracted DNA samples were seen 

as clear bands in the gel for all samples from S1-S3 (Figure 2) and S5-S12 (Figure 

3), S13-S24 (Figure 4) and S25- S32 (Figure 5) except for the 20220523#S4: G-

S4a as shown in the (Figure 2). 

 

 

 
 

Figure 2. Gel electrophoresis of DNA Extraction from (S1-S4), S1: R-S1a, S2: R-

S3a, S3: R-S2a, S4: G-S4a. 

Figure 3. Gel electrophoresis of DNA Extraction from (S5-S12), S5: R-S5a, S6: R-

S4a, S7: R-S6a, S8: G-S3a, S9: G1, S10: G2, S11: G-S4b, S12: G3 
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Figure 4. Gel electrophoresis of DNA Extraction from (S13-S24), S13: RosR1, 

#S14: RosR2, #S15: G-S2a, #S16 HB1, S17: Ros R3, S18: R-S6b, and S19: R-S2b, 

S20: HB2, S21: G-S3b, S22: R-S1b, S23: R-S5b, S24: G-S1.  

Figure 5. Gel electrophoresis of DNA extraction: S25: R-S2c, S26: R-S3b, S27: R-

S1c, S28: R-S5c, S29: G-S4c, S30: G-S2b, S31: G-S3c, S32: R-S4b.  

Note. Optional step replicates during DNA extraction: N1: R-S2a, N2: G-S2a, N3: 

G-S3a, N4: R-S2a, N5: G-S4a (NOT included in the final sample list for 16S 

sequencing).  

These are optional replicates 20220523#N: (R-S2a), 20220523#N4: (R-S6a) were 

shown least concentration as displayed in the Gel electrophoresis (Figure 5). These 

optional replicates from (N1-N5) were those faecal samples performed as an 

optional step after genomic DNA extraction to see the concentration of bands only. 

These optional replicates (N1-N5) were not included in the final list of samples 

from (S1-32) for 16S sequencing. 

 

4.2 Qubit Assay Test  
The precise quantity of each 32 samples of extracted DNA was checked on Qubit 

Assay test with readout in ng/µl as mentioned (Table 5). The final volume in each 

tube was considered as 200μl. All the extracted genomic DNA samples showed 

positive results except #S18 and #S19 (showed least concentration of extracted 

genomic DNA) in the Qubit Assay test. 
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Table 5. Final list of DNA Extracted samples with Qubit Assay Test 

  

 

No. Breeds & Landrace  Codes of Samples Qubit Assay 

Conc. ng/µl 

1. RYA sheep 20220523 #S1 6.01  

2. RYA sheep 20220523 #S2 4.33 

3. RYA sheep 20220523 #S3 9.02  

4. GESTRIKE sheep 20220523 #S4 3.02 

5. RYA sheep 20220523 #S5 16.01 ng 

6. RYA sheep 20220523 #S6 8.02 ng/µl 

7. RYA sheep 20220523 #S7 4.01 

8. GESTRIKE sheep 20220523 #S8 9.34 

9. LANDRACE goat 20220523 #S9 12.8 

10. LANDRACE goat 20220523 #S10 14.2 

11. GESTRIKE sheep 20220523 #S11 5.80 

12. LANDRACE goat 20220523 #S12 11.0 

13. ROSLAG sheep 20220523 #S13 2.58 

14. ROSLAG sheep 20220523 #S14 4.12 

15. GESTRIKE sheep 20220523 #S15 10.01 

16.     SUFFOLK + TEXEL sheep 20220523 #S16 27.8 

17. ROSLAG sheep 20220523 #S17 4.46 

18. RYA sheep 20220523 #S18 0.010 

19. RYA sheep 20220523 #S19 0.010 

20. SUFFOLK+ TEXEL sheep 20220523 #S20 6.30 

21. GESTRIKE sheep 20220523 #S21 9.03 

22. RYA sheep 20220523 #S22 3.62 

23. RYA sheep 20220523 #S23 4.56 

24. GESTRIKE sheep 20220523 #S24 9.42 

25. RYA sheep 20220521 #S25 2.60 

26. RYA sheep 20220521 #S26 4.33 

27. RYA sheep 20220521 #S27 4.35 

28. RYA sheep 20220521 #S28 7.10 

29. GESTRIKE sheep 20220521 #S29 5.40 

30. GESTRIKE sheep 20220521 #S30 11.2 

31. GESTRIKE sheep 20220521 #S31 7.70 

32. RYA sheep 20220521 #S32 3.10 
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4.3 Quality Control (QC)  

 

The total (n=32) extracted DNA samples were delivered to Novogene based on 

“DNA Samples QC Criteria” for the quality requirements of library preparation 

and sequencing. All the 32 samples were declared “PASS” to meet the requirement 

of library construction according to the report of Novogene. The requirements and 

conditions for the gel electrophoresis for genomic DNA were also implemented to 

check quality control by 1% of agarose gel run at the rate of 100V at 40 min. For 

PCR product, 2% of agarose concentration was measured for the gel electrophoresis 

method at the rate of voltage (80V) with run time at 40min. 

 

 

4.4 Sequencing results and taxonomy description  

 

A total of 32 extracted DNA samples with equal quantity of each 100µl were 

subjected for the sequencing on the basis of hypervariable regions (V3–V4) and 

(V4-V5) of the bacterial and archaeal 16S rRNA gene. The unfiltered sequence 

reads were produced as a result of total no. of sequences (1799435). After quality 

filtering, 10734 sequence variants (ASV) were selected based on the bacteria for 

the further subsequent statistical data analysis. 
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4.5 Compositional Microbial Community Analysis  

4.5.1 Bar graphs of Taxa relative abundance of bacterial Phyla 

The five groups of sheep and goat (outgroup) were selected in order to analyse the 

compositional microbial communities. The distribution histogram were made by 

using the PRISM (Grahpad; version_9.3.1) software. The bar graph indicated the 

highest percentage relative abundance of most top 10% common strains of taxa at 

phylum level, displayed the mean percentage of relative abundance  in the y-axis 

and names of the each group represented in the x -axis. The result has shown no 

difference of taxa at phylum level between the groups. For example, almost the 

same relative abundance percentages such as, Firmicutes (66%) and Bacteriodota 

(29%) as compared to remaining percentage relative abundances i.e. Fibrobacterota 

(1%), Halobacterota (0%), Proteobacteria (1%), Verrucomicrobiota (2%) etc. as 

shown in the (Figure 6) 

     
Figure 6. Percentage relative abundance of top 10 common phyla of RYA, GESTRIKE, 

ROSLAG breed, HYBRID sheep breeds and LANDRACE goat (5 groups). 
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The bar graph as shown in the (Figure 7) were made by using R software indicated 

the relative abundance of bacteria in the total 18 samples (n=no. of replicates) of 

sheep breeds and goat (outgroup) individually, where the height of the bar plot is 

proportional to the abundance of bacteria at phylum level. For example; according 

to the graphical presentation, the highest abundance of Firmicutes and Bacteroidota 

have seen among all groups which were less common than 1% phyla of sheep 

breeds and goat (outgroup) which were merged into the other group. 

 

 

   

 
 

Figure 7. Taxa relative abundance at Phylum level in all groups (sample-wise) 

where all groups less common than 1% were incorporated into the other group.  
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4.5.2 Bar graphs of Taxa relative abundance of bacterial Genera 

 

The different bars as shown in the (Figure 8) indicated the percentage relative 

abundance of top 15 bacteria at genus level, included mean percentage in the y-axis 

and 5 groups of breeds (RYA, GESTRIKE, ROSLAG, HYBRID and LANDRACE 

goat) represented individually in the x-axis. The highest percentage has shown 

according to the height of bar i.e. genera UCG-005 (24%), Rikenellaceae RC9 gut 

group (13%), Christensenellaceae R-7 group (12%), Bacteroides (8%), 

Monoglobus (6%), Alistipes (6%), Prvotellaceae UCG-004 (6%), Ruminococcus 

(5%), Akkermansia (4%), Lachnospiraceae AC2044 group (5%) has shown almost 

similarities among top 15 genera of five groups of sheep breeds and goat as a 

outgroup.  

 

 

Figure 8. Percentage relative abundance of 15 taxa at Genus level (5 groups of 

breeds and goat) 
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The bar graph (Figure 9) shown the relative abundance of bacteria in different sheep 

breeds and landrace goats (outgroup) where the height of the bar plot is proportional 

to the abundance of bacteria at genus level. According to the graphical presentation 

indicated the highest abundance of genus UCG-005, Rikenellacea RC9 gut group, 

Christensenellaceae R-7 group, Bacteroides and Monoglobus among others Taxa 

(as all groups less common than 5% were submerged into other group). 

 

 

 

 

 
 

Figure 9. Relative abundance of all taxa at the Genus level according to the total 

18 samples (n= no. of replicates), as all groups less common than 5% are 

submerged into other group.  
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4.6 Bar graphs of relative abundance analysis (Individual 

groups) 

The bar graph in the (Figure 10) indicated the mean percentage relative abundance 

of top 15 bacteria at genus level of the replicates of group RYA sheep breed  i.e. 

the percentage relative abundance with replicates of each sample as shown in the 

(Figure 10) showed least difference among the taxa of 6 individuals of same group 

of RYA sheep breed. For example,  in the case of UCG-005 genera, S1-22-27 

(Rya1_n3) represented the genera of UCG-005 (21%), S3-19-25 (Rya2_n3)-UCG-

005 (26%), S2-26 (Rya3_n2)-UCG-005(25%), S6-32 (Rya4_n2)-UCG-005(19%), 

S5-23-28 (Rya5_n3)-UCG-005(23%),S7-18(Rya6_n2)-UCG-005(24%) and same 

case with the others taxa as well.  

 

 

 
Figure 10. Percentage relative abundance of top 15 genera (RYA sheep 

breeds) 
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The bar graph in the (Figure 11) presented the percentage mean relative 

abundance of top 15 bacterial taxa at genus level within a group of GESTRIKE 

sheep breed, For example, UCG-005 (25%) in the samples of S15-30 

(Gestrike1_n2), UCG-005 (21%) in the replicates of samples S8-21-31 

(Gestrike2_n3), UCG-005 (22%) in the replicates of samples S4-11-29 

(Gestrike3_n3) and UCG-005 (27%) in the sample of S24 (Gestrike4_n1) 

which showed least differences of microbiome diversity in the replicates of 

samples or within the taxa of GESTRIKE sheep breed and same case with the  

others taxa as well.  . 

 

 

 
 

Figure 11. Percentage relative abundance of top 15 genera of GESTRIKE 

sheep breeds 
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The bar graph in the (Figure 12) depicted the percentage mean of relative 

abundance of top 15 bacterial taxa at genus level within a group of individual 

ROSLAG sheep i.e. UCG-005 (27%) in the samples of S13 (Ros1) UCG-005 

(upto 22%), S14 (Ros2) UCG-005 (upto 25%) and S17 (Ros3) having UCG-

005 (upto 24%), shown clear similarities of microbiome within same group of 

ROSLAG sheep breed. 

 

 

 

 
Figure 12. Percentage relative abundance of top 15 genera of ROSLAG 

sheep breeds  
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The bar graph in the (Figure 13) has shown clear difference between  the percentage 

mean of relative abundance of top 15 bacterial taxa at genus level within a group of 

HYBRID sheep breeds i.e. the percentage mean of relative abundance of  UCG-

005 (33%) in the sample of (S20: HB2) and UCG-005 (20%) in the sample of (S16: 

HB1). These bar graphs presented clear difference of microbial diversity within the 

group of hybrid breed of sheep among initial top 15 genera of UCG-005, 

Rikenellaceae RC9 gut group, Christensenellaceae R-7 group, Alistipes genera and 

vice versa. 

 

 

 

 
Figure 13. Percentage relative abundance in top 15 genera in HYBRID sheep 

breeds. 
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The bar graph in the (Figure 14) shown the percentage mean of relative abundance 

of top 15 bacteria at genus level within a group of goat LANDRACE i.e., S9-G1-

UCG-005 (27%), S10-G2-UCG-005 (23%) and S12-G3-UCG-005 (22%) and Vice 

versa. This bar graph has shown more similarities of taxa (least difference) within 

same group of goat LANDRACE (outgroup) 

 

 

Figure 14. Percentage relative abundance of top 15 genera of goat LANDRACE 
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4.7 Comparative Statistical Data Analysis 

4.7.1 Beta diversity index 

The Beta diversity presented the comparison between the communities on the basis 

of microbial composition. It can be calculated on the basis of gradient of distance 

analysis displayed with the ordination plots. Hence, the data can be visualized on 

the basis of PCOA, NMDS, PERMANONA, ANOVA, Tukeys test and Simper test. 

 

4.7.2 Principal coordinate analysis (PCoA) based on Bray-Curtis 

indices by Breed 

In order to understand the pattern of separation between different 5 groups of sheep 

breeds and goat (out group), PCoA (Principle Coordinate Analysis) was performed 

based on Bray- Curtis dissimilarity matrices for bacteria. It presented the faecal 

microbiome population which were clustered close within the same breeds of sheep 

but goat LANDRACE group distinctly clustered from the sheep according to the 

distance matrices. The PCoA indicated that goat groups were distinctly clustered 

separately have shown marked distribution of microbiota as compared with sheep 

breeds (clustered closely). Scattered points in the principal component analysis 

indicated the different breeds and their relationship among each other on the basis 

of pattern of separation between different microbial populations. In the two 

dimensional plot presentation, both axis displayed a total percentage of variance 

12.8% and 18.1% respectively, interpreted as an eigenvalues measured ecological 

distances as shown in the (Figure 15 and 16). 
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Figure 15. PCoA (Bray-Curtis indices by Breed): The ordination graph indicated 

the pattern of community distribution between breeds.  

 

Figure 16. The eigenvalues represented the variance extracted by each axis, and 

are often conveniently expressed as a percentage of the sum of all eigenvalues (i.e. 

total of variance). 
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4.7.3 Non- metric multidimensional scaling (NMDS) 
 

NMDS is a technique for efficiently determining the indirect gradients based on the 

measurement of different patterns of distance metrics. NMDS measures were used 

basically to identify the difference between two samples and then calculated the 

difference between all samples. Firstly, the difference between two samples were 

considered and then the results has shown further distinct apart dots in the graph, 

clearly shows the difference from each other due to their microbial content. 

Nonmetric multidimensional scaling (NMSD1 and NMSD2) were applied between 

microbiome communities within each group. Points in the graph, indicated the 

relative locations of individuals within microbial space, coloured by breed as shown 

in the (Figure 17). As, HYBRID and ROSLAG breeds presented less distance (more 

closeness) as compared to RYA and GESTRIKE breeds, might be due to the 

difference occurred as HYBRID and ROSLAG faecal samples taken from same 

farm (Farm C). Marked difference has seen between the microbial diversity of 

sheep breeds and goat group (out-group). 

 

 
Figure 17. The dispersed points/ small circles stands for sample has shown the less 

differences of microbiome composition among sheep breeds but marked difference of 

microbial population in goat LANDRACE. The distance between data points reflects the 

extent of variation. Similar group of samples are shown in the same colour.  
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4.7.4 PERMANOVA Test  

 

The Permutational multivariate analysis of variance (PERMANOVA) test (similar 

to Adonis test) was performed based on sum of square root to examine the 

significant differences between five groups of sheep breeds and goat (as out group). 

The Adonis function in the R vegan package (version_4.2.1) was used to conduct 

pairwise significant compositional differences between populations by using 

PERMANOVA test. The relationships of faecal microbiota between groups were 

calculated by using an algorithm with n=10000 permutations (PERMANOVA) 

based on only breed variable by Bray-Curtis distance method. Results has shown 

the community structure differences occurred significantly (R2= 0.4209, P < 0.05) 

between sheep breeds and goat (outgroup) from different farms as (Table 6). So, 

according to this study, we can’t differentiate between breed, farm and feed effect 

because all faecal samples of different sheep breeds have taken from different farms 

as mentioned in (Table 1). 

 

Table 6. PERMANOVA Test 

 

Adonis 2 (Formula = OTU ~ Breed, data = unclass (Meta) 

 

 DF SUM Sq. R2 F Pr(>F)   

Breed 4 1.1077 0.4209 2.3621 9.999e-0.05 

*** 

Residual 13  1.5240  0.5791              

Total 17 2.6316  1.0000              

 

Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 
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4.7.5 ANOVA Test  

 

In an attempt to normalise the data and to see if the average values of groups differ 

from each other or not. A square root of variance (ANOVA) was employed for the 

analysis of variance, based on response and distance to see how distinct the dots 

were from each other in the same breed or to analyse the homogeneity of 

multivariate dispersions of faecal microbiota in groups.  In order to analyse the 

bacterial phyla that specifically influenced by breed variable, used ANOVA method 

on relative abundance of the dominant phyla. ANOVA results displayed 

insignificance response based on distance shown that the dispersion doesn't differ 

significantly (P>0.05), as mentioned in the (Table 7), depicting more similarities 

within each groups of sheep. 

 

 

Table 7. Analysis of variance (Response: Distances) 

  

 Df Sum sq  Mean sq F Value Pr(>F) 

 

Groups  4 0.0050454 0.00126135 1.4 0.2882 

Residuals 13 0.0117127 0.00090097       

 
Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1‘’ 1 
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4.7.6 Tukey’s Test  
 

The T-Test was used to measure the difference between the 5 groups of sheep 

breeds and goat with 95% family-wise confidence level. Tukey’s Test was 

performed to evaluate the multiple comparisons of means at (95% family-wise 

confidence level) as well as to further analyse the intergroup significance of the 

selected breeds. The insignificant (P>0.05) results were seen in the pairwise 

comparisons between the least square means in the Tukey’s test. P values were 

adjusted accordingly by using the method of (Benjamini and Hochberg, 1995) for 

the pairwise comparison between different groups of sheep breeds and landrace 

goat to minimise the false values as mentioned in the (Table 8). 

 

 

Table 8. Tukey’s test  

 
Groups 

 

Differences Lower 

 

Upper Value P-adj 

 

Goat-GESTRIKE -0.0131633778 -0.08534775 0.05902099 0.9766300 

 

HYRID-GESTRIKE -0.0440533683 -0.12590275 0.03779601 0.4695402 

 

ROSLAG-

GESTRIKE 

-0.0341395817 -0.10632395 0.03804479 0.5862194 

 

RYA-GESTRIKE 0.0005587147 -0.06044821 0.06156564 0.9999998 

 

HYBRID-Goat -0.0308899905 -0.11716681 0.05538683 0.7897977 

 

ROSLAG-Goat -0.0209762038 -0.09814454 0.05619213 0.9078092 

 

RYA-Goat 0.0137220925 -0.05310765 0.08055183 0.9642856 

 

ROSLAG-HYBRID 0.0099137867 -0.07636304 0.09619061 0.9958606 

 

RYA-HYBRID 0.0446120830 -0.03255625 0.12178042 0.4033232 

 

RYA-ROSLAG 0.0346982964 -0.03213144 0.10152804 0.5027087 
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4.7.7 Simper Test  
 

The simper test was implemented in order to identify the taxa difference 

significantly between pairwise groups of breeds by finding the average participation 

of each species to the average of overall Bray-Curtis dissimilarity index. The 

(Figure 18) simper output depicted the relative abundant diverging ASVs based on 

the genus level where all taxa groups merged into each other which were less 

common than 5% was based on the  pairwise comparison of 5 groups of sheep  

breeds and goat (outgroup).  

 

 

 

 
Figure 18. Taxa difference assignment between pairwise groups of breeds at the Genus 

level (all taxa groups which were less common than 5% integrated into the other 

group) 
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5. Discussion 

5.1 Sheep microbial composition 

The aim of this research was to see the similarities and differences in the faecal 

microbiota in Swedish sheep breeds and goat (outgroup). To analyse complex 

microbial communities, high throughput sequencing has provided biologist enough 

information to examine new techniques based on metagenomics and sequence 

based profiling (Hess et al., 2011; Logares et al., 2012). The current results 

indicated the most common abundant taxas such as Firmucutes (66%) and 

Bacteroidetes (29%) followed by Verrucomicrobiota (2%), Fibrobacterota (1%), 

Proteobacteria (1%), and Actinobacteriota (1%) among the top ten common phyla. 

The current study results correlate with the results of (Chang et al., 2020) showed 

the highest relative abundance accounted for Firmicutes (55.83%) and 

Bacteroidetes (24.39%) in Tibetan sheep at phyla level in the Qinghai-Tibetan 

Plateau (QTP) of China.  

Similarly, the highest relative abundance of Firmicutes (43.6%) and Bacteroidetes 

(30.38 %) has shown in the Italian sheep (Minozzi et al., 2020) correlated to our 

findings. In accordance with our current results, the highest relative abundance of 

Firmicutes and Bacteroidetes has also been seen as a dominated phyla as 

comparison with the previous literatures such as, in the 28 Australian Merino sheep 

(Mamum et al., 2020), in the faecal microbiota of sheep (globally) (Tanca et al., 

2017) and in the domesticated ruminants (Firmicutes 65.34% and Bacteroidetes 

20.95%) in the south east of Ireland (O’Donnell et al., 2017). In our study, the lower 

relative abundance was found in Verrucomicrobiota (2%), which is in contrast with 

the previous study (Minozzi et al., 2020) found a comparatively higher abundance 

of Verrucomicrobia (7.55%) in the Italian sheep due to different husbandry 

conditions. The highest abundance of Firmicutes (89.31%) and Bacteroidetes 

(22.77%), followed by Verrucomicrobia (13.20%), has also been documented in 

the most recent study in the colon of goat in the south China (Wang et al., 2021).  

At the genus level, our current result presented the highest relative abundance of 

UCG-005 (24%) followed by Rikenellaceae RC9 gut group (13%), 

Christensenellaceae R-7 group (12%), Bacteroides (8%), Monoglobus (6%), 

Alistipes (6%), Prevotellaceae (6%), Ruminococcaceae (5%), Akkemansia (4%) 

and Lachnospiraceae (5%) as shown in the (Figure 9). According to the previous 

research, has showed the taxa containing highest abundance of Ruminococcaceae 

UCG 005 (genus; 93 conserved clades) in bighorn sheep (Couch et al., 2020).  
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Similarly, our research has found almost similar results to the most recent study in 

the colon of small ruminants especially in the goat, with the highest relative 

abundance of UCG-005 accounted for (30.69%), then Ruminococcaceae (12.47%), 

followed by christensenellaceae-R7-group, and Ruminococcace-UCG-010 (Wang 

et al., 2021).  

5.2 Breed Genetic Effect 

In our research, Bray-Curtis dissimilarity (PCoA and NMDS) based on distance 

matrices presented, the four groups of different breeds of sheep were clustered close 

to each other or not significantly far apart, but the goat LANDRACE has showed 

significant clustering distance. These results correlate with our hypothesis that 

similar microbiota exist in genetically related animals, as shown in (Figures 15 and 

17). In the current study, the significant (PERMOANOVA, P< 0.05) has indicated 

the variation within breeds in association with the composition of the microbiome 

is in accordance with the previous results (PERMANOVA, P <0.01) (Chang et al., 

2020) but we can't differ between breed, farm and feed effect because sheep breeds 

were selected from different farms. Prior research supported the evidence of a breed 

genetic effect in the variation of the microbiome composition in ruminant GIT. For 

example, differences in the gut microbial community have been shown in the Yak 

and Tibetan sheep partly due to breed effect (Xue et al., 2017). The microbiome 

composition of intestine also differed at different taxonomic levels between sheep 

breeds (Chang et al., 2020). In addition, it has been considered that inter-individual 

genetics has positive correlation and is responsible for the selection of genetically 

similar microbiomes among closely related breeds (Couch et al., 2020). Vertical 

transmission produces a similar microbiome in closely related animals (Couch et 

al., 2020). Previous research has demonstrated one of the most important breed 

factors in developing the similar but uncommon faecal/GIT microbiome between 

different breeds. The study clearly indicated the microbiota transfer from maternal 

genetics, particularly in the function of microbiome assemblage (Rooks and Garrett, 

2016). Studies have also been shown that the different breeds of goat’s having 

different rumen microbial diversity (Douglas et al., 2016). 

 

 

 

 



48 

 

5.3 Feed and Function of the most common groups 

In our study, the most abundant taxa at phylum level were Firmicutes and 

Bacteriodota. According to previous research results, it has been suggested that 

these abundant bacteria contain fiber decomposing bacteria (Ruminococcus, 

Oscillibacter etc) (Hook et al., 2011) contains glycosyl hydrolase gene (Tanca et 

al., 2017) responsible for the breakdown of crop straws (cellulose, hemicellulose, 

and lignin). The decomposing bacteria also helps in the decomposition of fiber, 

carbohydrate, and protein during the mechanism of metabolism (Huo et al., 2014). 

The second most abundant phylum, Bacteroidota, followed by Prevotella, plays an 

important role in the assimilation of non-fibrous plant feed and protein in the rumen 

of sheep (Hook et al., 2011). The effect of a change in the feed is directly correlated 

with the microbiome community. The similar study supported by the same evidence 

in the rumen microbial community showed varied effects of the microbiome due to 

breed and feed regime (Bohra et al., 2019). The different breeds of sheep plays a 

major role in maintaining the GIT microbiome (Chang et al., 2020) and feeding 

patterns act to maintain microbial composition as well as metabolic homeostasis in 

sheep (Cui et al., 2019; Wang et al., 2020). The Christensenellaceae R7 group 

producing β-galactosidase (β-glucosidase and arabinosidase generating 

Christensenellaceae gene), stimulated the increasing feed efficiency in the colon of 

sheep (Perea et al., 2017). Since, faecal samples were collected from the different 

farms except for HYBRID and ROSLAG breed and also due to small sample 

numbers, this study might not distinguish between the effect of feed, breed and 

farms (treatment and proximity).  
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6. Conclusions  

Our research work, was the first systematic evaluation of the microbial diversity 

across the faecal microbiome in the Swedish sheep breeds and goat (ruminant) using 

culture-independent next generation sequencing (Illumina), serves as a framework 

for understanding the role of microbiota in the different breeds of sheep and goat. 

It was concluded that the microbial diversity occurred among different Swedish 

breeds of sheep and goat (out-group), but less intra-breed variation exists within in 

the same groups of sheep breeds and goat. Since, all the faecal samples were taken 

from separate farms (except ROSLAG and HYBRID sheep breeds from same farm) 

so, it is not possible to separate the precise breed, environmental or feed effect from 

this pilot study. Considering the results collectively, it was speculated that an inbred 

sheep breeds harbours similar microbiome while difference in microbiome 

occurred in different breeds. However, based on the evidence in our study, it is still 

required further research by considering the larger population size samples and also 

providing others factors same (i.e., sex, age, nutrition and proximity) to see the 

breed genetic effect precisely  among different Swedish sheep breeds for the faecal 

microbiome assessment. Furthermore, the development of sequencing technology 

has pushed the boundaries of knowledge regarding microbiome research and the 

coming years will result in more advanced experiments, clinical applications, and 

possibly even the precise manipulation of the microbiome study.  

  

 

 

 

 

 



50 

 

 

 

Acknowledgement 

First of all, I would like to thank the Almighty God for everything and my beloved 

Parents (Nazir Ahmad Fareedi and Haleema Beghum). I would also like to express 

my sincere gratitude to the Department of Animal Breeding and Genetics (SLU) as 

well as the Department of Anatomy, Physiology and Biochemistry for providing 

me all the necessary data for this thesis work. I would like to express my deepest 

gratitude to my supervisors; Dr. Anna Maria Johannson and Dr. Erik Pelve and 

examiner Dr. Johan Dicksved (Department of Animal Nutrition and Management). 

I would like to express my gratitude to my family and friends for all of the love, 

support, encouragement, and prayers they have sent my way along this journey 

especially (Dr. Shumaila Sayyab). I would also like to express my most profound 

appreciation to my spouse Dr. Waqas Nasir for his love, patience, continuous 

encouragement, and support throughout my study. Finally, I would like to say 

heartfelt thanks and appreciation go to my two daughters (Musfirah and Muntaha) 

for their generous support. 

 

 

 

 

 

 



51 

 

7. References 

1. Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and Lipman, D.J., 1990. 

Basic local   alignment search tool. Journal of molecular biology, 215(3), 

pp.403-410. 

2. Backhed F., Ley, R. E., Sonnenburg, J. L., Peterson, D. A., and Gordon, J. I. 

(2005). Host-bacterial mutualism in the human intestine. Science 307, 1915–

1920. doi: 10.1126/science.1104816. 

3. Beharka, A.A., Nagaraja, T.G., Morrill, J.L., Kennedy, G.A. and Klemm, 

R.D., 1998. Effects of form of the diet on anatomical, microbial, and 

fermentative development of the rumen of neonatal calves. Journal of Dairy 

Science, 81(7), pp.1946-1955. 
4. Biscarini, F., Palazzo, F., Castellani, F., Masetti, G., Grotta, L., Cichelli, A. 

and Martino, G., 2018. Rumen microbiome in dairy calves fed copper and 

grape-pomace dietary supplementations: Composition and predicted 

functional profile. PloS one, 13(11), p.e0205670. 
5. Bohra, V., Dafale, N.A. and Purohit, H.J., 2019. Understanding the alteration 

in rumen microbiome and CAZymes profile with diet and host through 

comparative metagenomic approach. Archives of Microbiology, 201(10), 

pp.1385-1397. 

6. Boisvert, S., Raymond, F., Godzaridis, É., Laviolette, F. and Corbeil, J., 2012. 

Ray Meta: scalable de novo metagenome assembly and profiling. Genome 

biology, 13(12), pp.1-13. 

7. Brazelton, W.J., Ludwig, K.A., Sogin, M.L., Andreishcheva, E.N., Kelley, 

D.S., Shen, C.C., Edwards, R.L. and Baross, J.A., 2010. Archaea and bacteria 

with surprising microdiversity show shifts in dominance over 1,000-year time 

scales in hydrothermal chimneys. Proceedings of the National Academy of 

Sciences, 107(4), pp.1612-1617. 

8. Brestoff, J.R. and Artis, D., 2013. Commensal bacteria at the interface of host 

metabolism and the immune system. Nature immunology, 14(7), pp.676-684. 

9. Caporaso, J.G., Lauber, C.L., Walters, W.A., Berg-Lyons, D., Lozupone, 

C.A., Turnbaugh, P.J., Fierer, N. and Knight, R., 2011. Global patterns of 16S 

rRNA diversity at a depth of millions of sequences per sample. Proceedings 

of the national academy of sciences, 108(supplement_1), pp.4516-4522.  

10. Cerf-Bensussan, N. and Gaboriau-Routhiau, V., 2010. The immune system 

and the gut microbiota: friends or foes?. Nature Reviews Immunology, 10(10), 

pp.735-744. 
 



52 

 

11. Chang, J., Yao, X., Zuo, C., Qi, Y., Chen, D. and Ma, W., 2020. The gut 

bacterial diversity of sheep associated with different breeds in Qinghai 

province. BMC veterinary research, 16(1), pp.1-9. 

12. Cholewi ´nska, P.; Nowakowski, P.; Iwaszkiewicz, M. Analysis of adaptation 

of Olkuska sheep to a new environment on the basis of the mineral 

composition of fodder. Przegl. Hod. 2016, 84, 20–23.  

13. Cholewińska, P., Wołoszyńska, M., Michalak, M., Czyż, K., Rant, W. and 

Janczak, M., 2020. Evaluation of changes in the levels of firmicutes and 

bacteroidetes phyla of sheep feces depending on the breed. Animals, 10(10), 

p.1901. 

14. Couch, C.E., Arnold, H.K., Crowhurst, R.S., Jolles, A.E., Sharpton, T.J., 

Witczak, M.F., Epps, C.W. and Beechler, B.R., 2020. Bighorn sheep gut 

microbiomes associate with genetic and spatial structure across a 

metapopulation. Scientific reports, 10(1), pp.1-10. 

15. Crespo-Piazuelo, D., Estellé, J., Revilla, M., Criado-Mesas, L., Ramayo-

Caldas, Y., Óvilo, C., Fernández, A.I., Ballester, M. and Folch, J.M., 2018. 

Characterization of bacterial microbiota compositions along the intestinal tract 

in pigs and their interactions and functions. Scientific Reports, 8(1), pp.1-12. 
16. Cui, X., Wang, Z., Yan, T., Chang, S., Wang, H. and Hou, F., 2019. Rumen 

bacterial diversity of Tibetan sheep (Ovis aries) associated with different 

forage types on the Qinghai-Tibetan Plateau. Canadian journal of 

microbiology, 65(12), pp.859-869. 

17. Cussotto, S., Sandhu, K.V., Dinan, T.G. and Cryan, J.F., 2018. The 

neuroendocrinology of the microbiota-gut-brain axis: a behavioural 

perspective. Frontiers in neuroendocrinology, 51, pp.80-101. 
18. D’Amore, R., Ijaz, U.Z., Schirmer, M., Kenny, J.G., Gregory, R., Darby, A.C., 

Shakya, M., Podar, M., Quince, C. and Hall, N., 2016. A comprehensive 

benchmarking study of protocols and sequencing platforms for 16S rRNA 

community profiling. BMC genomics, 17(1), pp.1-20. 

19. Dahlberg, L., 2012. Genetic variation in local Swedish sheep breeds. 

20. de Oliveira, M.N.V., Jewell, K.A., Freitas, F.S., Benjamin, L.A., Tótola, M.R., 

Borges, A.C., Moraes, C.A. and Suen, G., 2013. Characterizing the microbiota 

across the gastrointestinal tract of a Brazilian Nelore steer. Veterinary 

microbiology, 164(3-4), pp.307-314. 
21. Deusch, S., Camarinha-Silva, A., Conrad, J., Beifuss, U., Rodehutscord, M. 

and Seifert, J., 2017. A structural and functional elucidation of the rumen 

microbiome influenced by various diets and microenvironments. Frontiers in 

microbiology, 8, p.1605. 

22. Dinan, T.G. and Cryan, J.F., 2013. Melancholic microbes: a link between gut 

microbiota and depression? Neurogastroenterology & Motility, 25(9), 

pp.713-719. 



53 

 

23. Dinan, T.G. and Cryan, J.F., 2017. Gut instincts: microbiota as a key regulator 

of brain development, ageing and neurodegeneration. The Journal of 

physiology, 595(2), pp.489-503. 

24. Douglas, J.L., Worgan, H.J., Easton, G.L., Poret, L., Wolf, B.T., Edwards, A., 

Davies, E., Ross, D. and McEwan, N.R., 2016. Microbial diversity in the 

digestive tract of two different breeds of sheep. Journal of applied 

microbiology, 120(5), pp.1382-1389. 

25. Dowd, S., Callaway, T., Wolcott, R., Sun, Y., McKeehan, T., Hagevoort, R., 

Edrington, T., 2008. Evaluation of the bacterial diversity in the feces of cattle 

using 16S rDNA bacterial tag-encoded FLX amplicon pyrose-quencing 

(bTEFAP). BMC Microbiol. 8, 125. 

26. Dubois, G., Girard, C., Lapointe, F.J. and Shapiro, B.J., 2017. The Inuit gut 

microbiome is dynamic over time and shaped by traditional 

foods. Microbiome, 5(1), pp.1-12. 
27. Dyrmundsson, Ó.R. and Niżnikowski, R., 2010. North European short-tailed 

breeds of sheep: a review. Animal, 4(8), pp.1275-1282. 

28. Fadrosh, D.W., Ma, B., Gajer, P., Sengamalay, N., Ott, S., Brotman, R.M. and 

Ravel, J., 2014. An improved dual-indexing approach for multiplexed 16S 

rRNA gene sequencing on the Illumina MiSeq platform. Microbiome, 2(1), 

pp.1-7. 

29. Falony, G., Joossens, M., Vieira-Silva, S., Wang, J., Darzi, Y., Faust, K., 

Kurilshikov, A., Bonder, M.J., Valles-Colomer, M., Vandeputte, D. and Tito, 

R.Y., 2016. Population-level analysis of gut microbiome 

variation. Science, 352(6285), pp.560-564. 

30. Frey, J.C., Pell, A.N., Berthiaume, R., Lapierre, H., Lee, S., Ha, J.K., Mendell, 

J.E. and Angert, E.R., 2010. Comparative studies of microbial populations in 

the rumen, duodenum, ileum and faeces of lactating dairy cows. Journal of 

Applied Microbiology, 108(6), pp.1982-1993. 

31. Gart, E.V., Lawhon, S.D., Suchodolski, J.S., Randel, R.D. and Welsh, T.H., 

2019. 157 The relationship of weaning stress, sex and temperament on fecal 

microbiota and metabolites in Brahman calves. Journal of Animal 

Science, 97(Supplement_1), pp.47-47. 

32. Handelsman, J., Rondon, M.R., Brady, S.F., Clardy, J. and Goodman, R.M., 

1998. Molecular biological access to the chemistry of unknown soil microbes: 

a new frontier for natural products. Chemistry & biology, 5(10), pp.R245-

R249. 

33. He, J., Yi, L., Hai, L., Ming, L., Gao, W. and Ji, R., 2018. Characterizing the 

bacterial microbiota in different gastrointestinal tract segments of the Bactrian 

camel. Scientific reports, 8(1), pp.1-9. 

 



54 

 

 

34. Hernandez-Sanabria, E., Guan, L.L., Goonewardene, L.A., Li, M., Mujibi, 

D.F., Stothard, P., Moore, S.S. and Leon-Quintero, M.C., 2010. Correlation of 

particular bacterial PCR-denaturing gradient gel electrophoresis patterns with 

bovine ruminal fermentation parameters and feed efficiency traits. Applied 

and Environmental Microbiology, 76(19), pp.6338-6350. 

35. Hess, M., Sczyrba, A., Egan, R., Kim, T.W., Chokhawala, H., Schroth, G., 

Luo, S., Clark, D.S., Chen, F., Zhang, T. and Mackie, R.I., 2011. Metagenomic 

discovery of biomass-degrading genes and genomes from cow 

rumen. Science, 331(6016), pp.463-467. 

36. Hobson, P.N. and Stewart, C.S., 1997. The rumen microbial ecosystem. 2nd   

editionLondon. UK: Blackie Academic and Professional. 

37. Hogeweg, P., 2011. The roots of bioinformatics in theoretical biology. PLoS 

computational biology, 7(3), p.e1002021. 

38. Hooper, L.V., Wong, M.H., Thelin, A., Hansson, L., Falk, P.G. and Gordon, 

J.I., 2001. Molecular analysis of commensal host-microbial relationships in 

the intestine. Science, 291(5505), pp.881-884. 

39. Hook, S.E., Steele, M.A., Northwood, K.S., Dijkstra, J., France, J., Wright, 

A.D.G. and McBride, B.W., 2011. Impact of subacute ruminal acidosis 

(SARA) adaptation and recovery on the density and diversity of bacteria in 

the rumen of dairy cows. FEMS microbiology ecology, 78(2), pp.275-284. 
40. Hugenholtz, P. and Tyson, G.W., 2008. Metagenomics. Nature, 455(7212), 

pp.481-483. 
41. Huson, D.H., Auch, A.F., Qi, J. and Schuster, S.C., 2007. MEGAN analysis 

of metagenomic data. Genome research, 17(3), pp.377-386. 

42. Huo, W., Zhu, W. and Mao, S., 2014. Impact of subacute ruminal acidosis on 

the diversity of liquid and solid-associated bacteria in the rumen of 

goats. World Journal of Microbiology and Biotechnology, 30(2), pp.669-680. 

43. Huws, S.A., Kim, E.J., Lee, M.R., Scott, M.B., Tweed, J.K., Pinloche, E., 

Wallace, R.J. and Scollan, N.D., 2011. As yet uncultured bacteria 

phylogenetically classified as Prevotella, Lachnospiraceae incertae sedis and 

unclassified Bacteroidales, Clostridiales and Ruminococcaceae may play a 

predominant role in ruminal biohydrogenation. Environmental 

microbiology, 13(6), pp.1500-1512. 

44. Kerrigan, Z., Kirkpatrick, J.B. and D’Hondt, S., 2019. Influence of 16S rRNA 

hypervariable region on estimates of bacterial diversity and community 

composition in seawater and marine sediment. Frontiers in Microbiology, 

p.1640. 

 



55 

 

45. Klein, R.D., Kincaid, R.L., Hodgson, A.S., Harrison, J.H., Hillers, J.K. and 

Cronrath, J.D., 1987. Dietary fiber and early weaning on growth and rumen 

development of calves. Journal of Dairy Science, 70(10), pp.2095-2104. 

46. Kvist, T., Ahring, B.K., Lasken, R.S. and Westermann, P., 2007. Specific 

single-cell isolation and genomic amplification of uncultured 

microorganisms. Applied microbiology and biotechnology, 74(4), pp.926-

935. 

47. Lettat, A., Noziere, P., Silberberg, M., Morgavi, D.P., Berger, C., Martin, C., 

2012. Rumen microbial and fermentation characteristics are affected 

differently by bacterial probiotic supplementation during induced lactic and 

subacute acidosis in sheep. BMC Microbiol. 12. 

48. Ley, R.E., Hamady, M., Lozupone, C., Turnbaugh, P.J., Ramey, R.R., Bircher, 

J.S., Schlegel, M.L., Tucker, T.A., Schrenzel, M.D., Knight, R. and Gordon, 

J.I., 2008. Evolution of mammals and their gut microbes. Science, 320(5883), 

pp.1647-1651. 

49. Li, R.W., Li, W., Sun, J., Yu, P., Baldwin, R.L. and Urban, J.F., 2016. The 

effect of helminth infection on the microbial composition and structure of the 

caprine abomasal microbiome. Scientific reports, 6(1), pp.1-10. 
50. Liu, J., Xue, C., Sun, D., Zhu, W. and Mao, S., 2019. Impact of high‐grain diet 

feeding on mucosa‐associated bacterial community and gene expression of 

tight junction proteins in the small intestine of goats. MicrobiologyOpen, 8(6), 

p.e00745. 

51. Logares, R., Haverkamp, T.H., Kumar, S., Lanzén, A., Nederbragt, A.J., 

Quince, C. and Kauserud, H., 2012. Environmental microbiology through the 

lens of high-throughput DNA sequencing: synopsis of current platforms and 

bioinformatics approaches. Journal of microbiological methods, 91(1), 

pp.106-113. 

52. Mamun, M.A.A., Sandeman, M., Rayment, P., Brook‐Carter, P., Scholes, E., 

Kasinadhuni, N., Piedrafita, D. and Greenhill, A.R., 2020. The composition 

and stability of the faecal microbiota of Merino sheep. Journal of applied 

microbiology, 128(1), pp.280-291. 

53. Marchesi, J.R. and Ravel, J., 2015. The vocabulary of microbiome research: a 

proposal. Microbiome, 3(1), pp.1-3. 

54. McGuckin, M.A., Lindén, S.K., Sutton, P. and Florin, T.H., 2011. Mucin 

dynamics and enteric pathogens. Nature Reviews Microbiology, 9(4), pp.265-

278. 

55. Metzker, M.L., 2010. Sequencing technologies—the next generation. Nature 

reviews genetics, 11(1), pp.31-46. 

 



56 

 

56. Milani, C., Hevia, A., Foroni, E., Duranti, S., Turroni, F., Lugli, G.A., 

Sanchez, B., Martin, R., Gueimonde, M., van Sinderen, D. and Margolles, A., 

2013. Assessing the fecal microbiota: an optimized ion torrent 16S rRNA 

gene-based analysis protocol. PloS one, 8(7), p.e68739. 

57. Minozzi, G., Biscarini, F., Dalla Costa, E., Chincarini, M., Ferri, N., Palestrini, 

C., Minero, M., Mazzola, S., Piccinini, R., Vignola, G. and Cannas, S., 2020. 

Analysis of Hindgut Microbiome of Sheep and Effect of Different Husbandry 

Conditions. Animals, 11(1), p.4. 

58. Namiki, T., Hachiya, T., Tanaka, H. and Sakakibara, Y., 2012. MetaVelvet: 

an extension of Velvet assembler to de novo metagenome assembly from short 

sequence reads. Nucleic acids research, 40(20), pp.e155-e155. 

59. Ng, S.H., Stat, M., Bunce, M. and Simmons, L.W., 2018. The influence of diet 

and environment on the gut microbial community of field crickets. Ecology 

and Evolution, 8(9), pp.4704-4720. 

60. O’Donnell, M.M., Harris, H.M., Ross, R.P. and O'Toole, P.W., 2017. Core 

fecal microbiota of domesticated herbivorous ruminant, hindgut fermenters, 

and monogastric animals. Microbiologyopen, 6(5), p.e00509.  

61. Oksanen, J., 2007. Vegan: community ecology package. R package version 

1.8-5. http://www. cran. R-project. org. 

62. Pace, N.R., Stahl, D.A., Lane, D.J. and Olsen, G.J., 1986. The analysis of 

natural microbial populations by ribosomal RNA sequences. In Advances in 

microbial ecology (pp. 1-55). Springer, Boston, MA. 

63. Perea, K., Perz, K., Olivo, S.K., Williams, A., Lachman, M., Ishaq, S.L., 

Thomson, J. and Yeoman, C.J., 2017. Feed efficiency phenotypes in lambs 

involve changes in ruminal, colonic, and small-intestine-located 

microbiota. Journal of Animal Science, 95(6), pp.2585-2592. 

64. Pop, M., 2009. Genome assembly reborn: recent computational 

challenges. Briefings in bioinformatics, 10(4), pp.354-366. 

65. Popova, M., Mcgovern, E., Mccabe, M. S., Martin, C., Doreau, M., Arbre, M., 

et al. (2017). The structural and functional capacity of ruminal and cecal 

microbiota in growing cattle was unaffected by dietary supplementation of 

linseed oil and nitrate. Front. Microbiol. 8:937. doi: 10.3389/fmicb.2017. 

00937. 

66. Rey, M., Enjalbert, F., Combes, S., Cauquil, L., Bouchez, O. and Monteils, 

V., 2014. Establishment of ruminal bacterial community in dairy calves from 

birth to weaning is sequential. Journal of applied microbiology, 116(2), 

pp.245-257. 

67. Rooks, M.G. and Garrett, W.S., 2016. Gut microbiota, metabolites and host 

immunity. Nature reviews immunology, 16(6), pp.341-352. 



57 

 

68. Ruane, J. and OLDENBROEK, J., 1999. Genebanks and the Conservation of 

Farm Animal Genetic Resources. DLO Institute for Animal Science and 

Health, Lelystad, the Netherlands, pp.59-73. 

69. Ryder, M. L. (1984) Sheep and man. Gerald Duckworth & Co. Ltd, London, 

UK. Swedish Board of Agriculture, Action plan for the long-term sustainable 

management of Swedish animal genetic resources 2010-2020 (report 

2009:15). 

70. Ryder, M.L., 1991. Domestication, history and breed evolution in 

sheep. World Animal Science (Netherlands). 

71. Sasson, G., Kruger Ben-Shabat, S., Seroussi, E., Doron-Faigenboim, A., 

Shterzer, N., Yaacoby, S., Berg Miller, M.E., White, B.A., Halperin, E. and 

Mizrahi, I., 2017. Heritable bovine rumen bacteria are phylogenetically related 

and correlated with the cow’s capacity to harvest energy from its 

feed. MBio, 8(4), pp.e00703-17. 

72. Schmidt, T.M., DeLong, E.F. and Pace, N.R., 1991. Analysis of a marine 

picoplankton community by 16S rRNA gene cloning and sequencing. Journal 

of bacteriology, 173(14), pp.4371-4378. 

73. Sinclair, L., Osman, O.A., Bertilsson, S. and Eiler, A., 2015. Microbial 

community composition and diversity via 16S rRNA gene amplicons: 

evaluating the illumina platform. PloS one, 10(2), p.e0116955. 

74. Slonczewski, J.J.W.F. and Foster, J.W., Microbiology: An Evolving Science 

(2009). New York: W.W. Norton & Company. 

75. Steury, R.A., Currey, M.C., Cresko, W.A. and Bohannan, B.J., 2019. 

Population genetic divergence and environment influence the gut microbiome 

in Oregon threespine stickleback. Genes, 10(7), p.484. 

76. Tanca, A., Fraumene, C., Manghina, V., Palomba, A., Abbondio, M., 

Deligios, M., Pagnozzi, D., Addis, M.F. and Uzzau, S., 2017. Diversity and 

functions of the sheep faecal microbiota: A multi‐omic 

characterization. Microbial biotechnology, 10(3), pp.541-554. 

77. Torsvik, V.L., 1994. Use of DNA analysis to determine the diversity of 

microbial communities. Beyond the biomass: Compositional and functional 

analysis of soil microbial communities, pp.39-48. 

78. Tremaroli, V. and Bäckhed, F., 2012. Functional interactions between the gut 

microbiota and host metabolism. Nature, 489(7415), pp.242-249. 

79. Van Baale, M.J., Sargeant, J.M., Gnad, D.P., DeBey, B.M., Lechtenberg, K.F. 

and Nagaraja, T.G., 2004. Effect of forage or grain diets with or without 

monensin on ruminal persistence and fecal Escherichia coli O157: H7 in 

cattle. Applied and Environmental Microbiology, 70(9), pp.5336-5342. 

80. Van Donkersgoed, J., Graham, T. and Gannon, V., 1999. The prevalence of 

verotoxins, Escherichia coli O157: H7, and Salmonella in the feces and rumen 

of cattle at processing. The Canadian Veterinary Journal, 40(5), p.332. 



58 

 

81. Venter, J.C., Remington, K., Heidelberg, J.F., Halpern, A.L., Rusch, D., Eisen, 

J.A., Wu, D., Paulsen, I., Nelson, K.E., Nelson, W. and Fouts, D.E., 2004. 

Environmental genome shotgun sequencing of the Sargasso 

Sea. scnce, 304(5667), pp.66-74. 

82. Virgin, H.W., 2014. The virome in mammalian physiology and 

disease. Cell, 157(1), pp.142-150. 

83. Wallace, T.C., Guarner, F., Madsen, K., Cabana, M.D., Gibson, G., Hentges, 

E. and Sanders, M.E., 2011. Human gut microbiota and its relationship to 

health and disease. Nutrition reviews, 69(7), pp.392-403. 

84. Wang, K., Peng, X., Lv, F., Zheng, M., Long, D., Mao, H., Si, H. and Zhang, 

P., 2021. Microbiome-metabolites analysis reveals unhealthy alterations in the 

gut microbiota but improved meat quality with a high-rice diet challenge in a 

small ruminant model. Animals, 11(8), p.2306. 

85. Wasimuddin, Menke, S., Melzheimer, J., Thalwitzer, S., Heinrich, S., 

Wachter, B., et al. (2017). Gut microbiomes of free-ranging and captive 

Namibian cheetahs: diversity, putative functions and occurrence of potential 

pathogens. Mol. Ecol. 26, 5515–5527. doi: 10.1111/mec.14278 

86. Whipps, J.M.L.K. and Cooke, R., 1988. Mycoparasitism and plant disease 

control 161–87 in NM Burge Editor, Fungi in biological control systems. 

87. Willey, J.M., Sherwood, L. and Woolverton, C.J., 2011. Prescott's 

microbiology (Vol. 7). New York: McGraw-Hill. 

88. Woese, C.R., 1987. Bacterial evolution. Microbiological reviews, 51(2), 

pp.221-271. 

89. Wolcott, R.D., Hanson, J.D., Rees, E.J., Koenig, L.D., Phillips, C.D., Wolcott, 

R.A., Cox, S.B. and White, J.S., 2016. Analysis of the chronic wound 

microbiota of 2,963 patients by 16S rDNA pyrosequencing. Wound repair and 

regeneration, 24(1), pp.163-174. 

90. Woo, P.C., Lau, S.K., Teng, J.L., Tse, H. and Yuen, K.Y., 2008. Then and 

now: use of 16S rDNA gene sequencing for bacterial identification and 

discovery of novel bacteria in clinical microbiology laboratories. Clinical 

Microbiology and Infection, 14(10), pp.908-934. 

91. Xue, D., Chen, H., Zhao, X., Xu, S., Hu, L., Xu, T., Jiang, L. and Zha W., 

2017. Rumen prokaryotic communities of ruminants under different feeding 

paradigms on the Qinghai-Tibetan Plateau. Systematic and Applied 

Microbiology, 40(4), pp.227-236. 

92. Yu, Z., Garcia-Gonzalez, R., Schanbacher, F.L. and Morrison, M., 2008. 

Evaluations of different hypervariable regions of archaeal 16S rRNA genes in 

profiling of methanogens by Archaea-specific PCR and denaturing gradient 

gel electrophoresis. Applied and environmental microbiology, 74(3), pp.889-

893. 



59 

 

93. Yeoman, C. J., Ishaq, S. L., Bichi, E., Olivo, S. K., Lowe, J., and Aldridge, B. 

M. (2018). Biogeographical differences in the influence of maternal microbial 

sources on the early successional development of the bovine neonatal 

gastrointestinal tract. Sci. Rep. 8:3197. doi: 10.1038/s41598-018-21440-8. 

94. Youngblut, N.D., Reischer, G.H., Walters, W., Schuster, N., Walzer, C., 

Stalder, G., Ley, R.E. and Farnleitner, A.H., 2019. Host diet and evolutionary 

history explain different aspects of gut microbiome diversity among vertebrate 

clades. Nature communications, 10(1), pp.1-15. 

95. Youssef, N., Sheik, C.S., Krumholz, L.R., Najar, F.Z., Roe, B.A. and 

Elshahed, M.S., 2009. Comparison of species richness estimates obtained 

using nearly complete fragments and simulated pyrosequencing-generated 

fragments in 16S rRNA gene-based environmental surveys. Applied and 

environmental microbiology, 75(16), pp.5227-5236. 

96. Zilber-Rosenberg, I. and Rosenberg, E., 2008. Role of microorganisms in the 

evolution of animals and plants: the hologenome theory of evolution. FEMS 

microbiology reviews, 32(5), pp.723-735. 

 


