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Abstract: [Objective] The purpose of this study was to study the intestinal microbial diversity of the caracal cats 
(Caracal caracal). [Methods] Fecal samples from 7 wild adult caracal cats (2 males and 5 females) were collected, 
2 of them were raised in Ji’nan Wildlife Park and 5 of them were raised in Weihai Wildlife Park. High-throughput 
sequencing of the 16S rRNA gene V3–V4 region of caracal cats was carried out. [Results] A total of 1458741 valid 
sequences of the V3–V4 region of the 16S rRNA gene was obtained, with an average of 208392 valid sequences 
and an average sequence length of 433 bp. By classifying with 97% sequence similarity, an average of 233 
operational taxonomic units (OTUs) were obtained. These OTUs were all classified into the bacterial domain, 
including 13 phyla, 26 classes, 43 orders, 75 families, and 119 genera. Among them, the most abundant bacteria are 
Firmicutes (accounting for 61.7% of all OTUs), Actinobacteria (12.42%), Bacteroidetes (7.79%), Fusobacteroidetes 
(7.79%) and Proteobacteria (7.53%). The most abundant families were Peptostreptococcaceae (accounting for 
about 16.15% of all OTUs), Clostridiaceae_I (14.78 %), Lachnospiraceae (13.13%) and Coriobacteriaceae 
(12.31%), etc. The most abundant genera were Collinsella (11.44%), Peptoclostridium (10.91%), Clostridium sensu 
stricto 1 (10.3%), Bacteroides (7.41%) and Peptostreptococcus (5.21%), etc. An average of 15.35% of the OTUs in 
the gut microbiota of the 7 caracal cats was unclassified at the genus level. Cluster analysis showed that the samples 
from the same park were clustered into one branch. [Conclusion] Characteristics of the intestinal microbiota of the 
caracal cats were described and the results would provide scientific information for the rescue feeding and digestive 
physiology research of the caracal cats. 
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Caracal cats (Caracal caracal) are small felines 
belonging to Carnivora, Felidae. Caracal cats are 
found throughout Africa, West Asia, and the 
northwestern part of South Asia. They occupy a 
variety of habitats, ranging from savannas to 
mountain forests. Because of the pressure and threat 
of human activities and the loss and fragmentation 
of their habitats, caracal cat population sizes vary 
considerably between regions[1]. The regional 
population of caracal cat is also likely to fluctuate 
based on prey availability[2]. For example, in Africa, 
caracal cats are common in South Africa and 
southern Namibia. In central and West Africa, they 
are largely absent and their densities are apparently 
lower. In North Africa, caracal cats are considered 
threatened[3]. However, as caracal cat is an elusive 
species, it may be more widespread than indicated 
by records[1]. 

Intestinal microbes play an important role in 
intestinal cell proliferation, resistance to pathogens, 
metabolism of secondary products, and digestion of 
complex compounds[4–6] and are of great significance 
to the survival and environmental adaptation of wild 
animals[7–9]. However, it is difficult to collect 
intestinal samples from wild animals. Fortunately, 
fecal samples can be collected non–invasively. 
Previous research showed that fecal microbes 
represent the whole intestinal microbial 
community[10]. Although there are also some reports 
described that fecal microbes are sometimes 
different from the intestine microbiota, especially 
the small intestine microbiota, the effective 
detection of the fecal microbiota offering a feasible 
way for the study of intestinal microbes of wildlife, 
especially in endangered animals. 

With increasing researches of the intestinal 
microbiome of wild animals, the intestinal 
microorganisms of felids have been investigated 
by researchers, a number of studies have reported 
the high correlation between intestinal microbes 
and the health and survival adaptation of wild 
felids, and the studies also found that food, sex, 

living environment, and man-made interference 
have effects on intestinal microbiota[6,11–12], but the 
study of intestinal microbiota in caracal cat has not 
been reported. Therefore, in this study, we used fecal 
samples to study the intestinal microbial diversity of 
caracal cats by high-throughput sequencing. This 
would provide basic data for further evaluation of 
the relationship between intestinal microbes and the 
health and ecological adaption of caracal cats, and 
provides effective information for the protection of 
caracal cats. 

1  Materials and Methods 
1.1  Sample collection 

Fecal samples from 7 healthy wild adult caracal 
cats (2 males and 5 females) were used in this study. 
The samples were collected in Shandong Province 
from Ji’nan Wildlife Park (1 female and 1 male, 
designated CCF01 and CCM01) and Weihai 
Wildlife Park (4 females and 1 male, designated 
CCF02, CCF03, CCF04, CCF05 and CCM02). The 
caracal cats, on average of 4 to 5 years old, were 
half-scattered in an enclosure on the earth floor, 
weighing about 18 kilograms for males and about 15 
kilograms for females, feeding on fresh beef and 
chicken and drinking tap water. The caracal cats 
from different parks were fed diets of the same 
composition. These animals did not suffer from any 
gastrointestinal disease and had not been 
administered any anti-inflammatory or 
antimicrobial drugs in the four months before 
sample collection. Fresh feces samples were 
collected within half an hour after defecation before 
feeding in the morning and preserved in sterilized 
plastic centrifuge tubes, stored in a mobile 
refrigerator at 4 °C, transported to the laboratory, 
and stored at −80 °C until DNA was extracted. All 
samples were collected in winter of 2017. Fecal 
samples from the same park were collected at the 
same day. The experiment was approved by the 
Animal Protection and Utilization Committee of 
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Qufu Normal University. 
1.2  DNA extraction, 16S rRNA gene amplification 
by PCR, and sequence processing 

Total microbial DNA was extracted from the 
fecal samples using the QIAamp DNA Stool 
Genomic DNA Extraction Kit (Qiagen, Germany) 
according to the manufacturer’s recommended 
protocol. We used an ultra-micro spectrophotometer 
(NanoDrop2000c, Thermo Fisher Scientific, USA) 
to measure DNA quality and concentration. Primers 
341 F (5′-CCTAYGGGRBGCASCAG-3′) and 806 R 
(5′-GGACTACNNGGGTATCTAAT-3′) were used 
to amplify the high–mutation region of 16S rRNA 
V3–V4 by PCR. The volume of the PCR reaction 
was 30 μL, and the product size was about 410 bp. 
The PCR reaction included 15 μL of Taq PCR 
MasterMix, 1.5 μL of each primer, 10 μL of 
microbial genomic DNA template, and 2 μL of 
ddH2O. The specific steps of PCR were as follows: 1 
cycle of denaturing at 98 °C for 1 min, followed by 
35 cycles of denaturing at 98 °C for 10 s, annealing 
at 55 °C for 30 s, elongation at 72 °C for 30 s, and a 
final extension at 72 °C for 5 min. The obtained 
PCR product was mixed with the same volume of 
1×loading buffer (containing SYBR Green) and 
detected by 2% agarose gel electrophoresis. The 
samples in the bright bands at 400 bp and 450 bp 
were mixed at the same density ratio and purified by 
the QIAquick Gel Extraction Kit (Qiagen). We used 
the TruSeq® DNA PCR-Free Sample Preparation Kit 
(Illumina, USA) to create the library. After Qubit 
and qPCR quantification, we performed sequencing 
on the Illumina HiSeq2500 PE250. 

2  Bioinformatics Analysis 
The data obtained from the Illumina HiSeq 

sequencing were spliced and quality controlled. 
Then, clean tags were obtained, and chimeric 
filtering was carried out to obtain effective tags that 
could be used for subsequent analysis[13]. We used 
Uparse software (v7.0.1001) to cluster effective tags 

for all samples[14]. The default similarity was 97% 
for sequential clustering of operational taxonomic units 
(OTUs). Mothur software and the SILVA 16S rRNA 
reference database were used to perform species 
annotation on the typical sequences of selected 
OTUs[15]. The taxonomic information was obtained 
and statistically analyzed at each classification level. 
Qiime software (v1.7.0) was used to calculate the 
observed species, Chao1, Shannon, Simpson, ACE, 
Good’s coverage, and PD whole tree indices[16]. R 
software (v2.15.3) was used to generate dilution 
curves, rank abundance curves, and species 
cumulative curves and perform intra-group difference 
analysis of the α-diversity index. The analysis of 
α-diversity was carried out with the parametric test 
and non-parametric test. In order to detect the 
similarity among samples, we compared the shared 
and specific OTUs among samples by drawing petal 
maps. Then we used weighted and unweighted 
Unifrac distance matrices for UPGMA clustering 
analysis. The UPGMA sample clustering tree was 
constructed by Qiime software (v1.7.0)[17–18].   

3  Results 
3.1  Sequencing data and OTU annotations 

The results of this study have been submitted to 
the SRA database under accession number 
SRP135784.  

A total of 1458741 effective sequences, with an 
average of 208392 effective sequences and an 
average length of 433 bp, were obtained from 7 
caracal cat fecal samples for OTU clustering and 
other follow-up analyses. A total of 347 OTUs were 
obtained by clustering with 97% sequence similarity, 
with the average number of 233 (Table 1). The end 
of the rarefaction curve tended to be flat, indicating 
that the sequencing results effectively reflected the 
abundance of microbiota in the sample (Figure 1-A). 
The richness and evenness of species in different 
samples can be seen in the rank abundance curve 
(Figure 1-B).  
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Table 1.  Effective Tags and Alpha-diversity of the gut microbiota in the caracal cats in this study 
Sample name Effective tags OTUs Shannon Simpson Chao1 ACE Goods coverage 
CCF01 66580 135 4.296 0.912 138.500 138.370 1.000 
CCF02 238804 245 4.883 0.934 274.690 275.715 0.999 
CCF03 327017 235 3.846 0.884 257.455 260.036 0.999 
CCF04 238742 246 4.776 0.918 274.636 272.859 0.999 
CCF05 279820 221 5.700 0.972 252.500 252.232 0.999 
CCM01 59499 120 3.863 0.863 135.111 132.478 1.000 
CCM02 248279 234 4.668 0.933 255.577 254.718 0.999 

 

   
 

Figure 1. Rarefaction (A) and rank abundance curve (B) analyses of caracal fecal microbiota. We perform repeated 
sampling of the OTU subset to assess whether further sampling may result in additional groups, which is indicated 
by whether the curve reached the platform value. The y-axis indicates the number of OTUs detected, and the x-axis 
indicates the number of taxa in the sequence subset analyzed. Rank abundance curves were used to estimate the 
richness and evenness of taxa present in the samples. The y-axis indicates the relative abundance of OTUs, and the 
x-axis indicates the number of OTUs according to the relative abundance from large to small. The larger the span 
curve on the x-axis, the higher the species richness. The smoother the curve on the y-axis, the more even the species 
distribution. 

 
3.2  Species annotation and abundance analysis 

The OTU analysis of all samples revealed 
caracal cat intestinal microbes belonging to the 
bacterial domain, including 13 phyla, 26 classes, 43 
orders, 75 families, and 119 genera (Figure 2). At 
the phylum level, Firmicutes demonstrated an 
absolute advantage with an average relative 
abundance of 61.70%. The relative abundance of 
Firmicutes in the sample CCF03 was 96.73%. 
However, the abundance of Firmicutes highly 
differed within samples (accounting for about 
25.39%–96.73% of all OTUs). Other phyla with 
high abundance included Actinobacteria (0.71%– 

34.15%, average 12.42%), Fusobacteria (0.45%– 
24.45%, average 10.53%), Fusobacteroidetes (0.09%– 
40.83%, average 7.79%), and Proteobacteria (1.95%– 
20.26%, average 7.53%). Bacteroidetes had a higher 
abundance only in sample CCM01. Other bacteria 
had a lower abundance. Chloroflexi and 
Acidobacteria were found only in the sample 
CCF03. Verrucomicrobia was found in CCF03 and 
CCF05; Deinococcus–Thermus appeared only in 
samples CCM01 and CCF03 (Figure 2-A). 

At the family level, 12 out of 75 detected 
families had a relative abundance of more than 1%. 
The most abundant of these was Peptostreptococcaceae 
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Figure 2.  Gut bacterial composition at the phylum level in each sample. According to the results of the 
species notes, we select the gut bacterial species at the phylum level per sample (A) and the relative abundance 
of the top ten biological species at the family level (B) and the genus level (C), product column maps.  

 
(with an average relative abundance of 16.15%) in 
phylum Firmicutes, Clostridiaceae_I (14.78%), 
Lachnospiraceae (13.13%), Family_XI (10.03%), 
Coriobacteriaceae (12.31%) in phylum 
Actinobacteria, CFT112H7 (8.08%) in phylum 
Fusobacteria, and Bacteroidaceae (7.41%) in phylum 
Bacteroidetes. The abundance of each family varied 
greatly among different samples. For example, the 
relative abundance of Bacteroidaceae ranged from 
0.95% (CCF03) to 40.21% (CCM01), and the 
relative abundance of Family_XI ranged from 0.46% 
(CCF01) to 37.74% (CCF03). Streptomycetaceae 
was found only in CCM01; Thermaceae was only 
present in CCF03; and Rhodospirillaceae was only 

present in CCF04 (Figure 2-B). 
An average of 15.35% of bacteria in the 7 

caracal cat fecal samples were not identified at the 
genus level. Of the 119 genera identified, 16 had an 
average relative abundance of more than 1%. The 
most abundant of these was Collinsella (11.44%), 
Peptoclostridium (10.91%), Clostridium sensu 
stricto 1 (10.3%), Peptoniphilus (10.02%), 
Bacteroides (7.41%), and Peptostreptococcus 
(5.21%). Among them, Collinsella belongs to 
Actinobacteria; Peptoclostridium, Clostridium sensu 
stricto 1, Peptoniphilus, and Peptostreptococcus 
belong to Firmicutes; and Bacteroides belongs to 
Bacteroidetes (Figure 2-C). 
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According to the petal map, the number of 
OTUs shared among samples (about 14% of total 
OTUs) was much higher than the number of OTUs 
specific to each individual (Figure 3). The UPGMA 

clustering analysis showed that CCM01 and CCF01 
from Ji’nan Wildlife Park were grouped together, 
while the remaining 5 samples from Weihai Wildlife 
Park were grouped together (Figure 4). 

 

 
Figure 3.  The petal map among different samples. Based on the results of OTU cluster, we analyze the common 
(endemic) OTUs among different samples by product petal map. Each petal on the petal map represents a set of 
samples. The number in the middle represents the OTUs common to all samples, whereas the number on the petals 
represents the OTUs unique to the sample. 

 

 
 

Figure 4.  UPGMA clustering analysis diagram based on unweighted UniFrac distance matrix. UPGMA clustering 
analysis is done with weighted Unifrac distance matrix and Unweighted Unifrac distance matrix, and the results are 
integrated with the relative abundance of species at phylum level. Firstly, the two samples with the smallest 
distance are gathered together to form a new node (the new sample), whose branch point is at half of the distance 
between the two samples, and then the average distance between the new "sample" and the other samples is 
calculated. Then we find out the smallest two samples and cluster them; then we do it again and again until all the 
samples are gathered together and finally we get a complete clustering tree. 
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4  Discussion 
More than 1000 species of microbes are 

colonized in the intestinal tract of humans and 
mammals, a large proportion of which are colonized 
at birth and remain stable throughout the life of the 
animal[9]. This is known as the core microbial 
community. The core microbiota has an important 
relationship with the health of the host and plays a 
vital role in food digestion, nutrient metabolism, 
intestinal health maintenance and immune 
protection, adaptation to the environment, and 
adaptive evolution[19]. According to the standard 
phyla established in existing reports, the core 
microbiota of the intestinal tract in catamounts and 
most carnivores mainly include Firmicutes, 
Proteobacteria, Bacteroidetes, Actinobacteria, and 
Proteobacteria[19–21]. For example, the 
Bacteroides/Chlorobi group (about 68%) represents 
the most abundant intestinal microorganisms in cats 
(Felis catus), followed by Firmicutes (about 13%) 
and Proteobacteria (about 6%)[5]. The phyla with the 
highest abundance in the intestinal tract of snow 
leopard (Panthera uncia) are Firmicutes (56.5%), 
Actinobacteria (17.5%), Bacteroidetes (13%) and 
Proteobacteria (13%)[6]. In this study, the fecal 
microflora of caracal cats is studied by 
high-throughput sequencing. Firmicutes shows the 
highest abundance in the caracal intestinal 
microbiota. Our study also found that the number of 
OTUs shared among the samples is much higher 
than the number of OTUs unique to each sample, 
which indicates that the core microbiota played an 
important role in the gut of the caracal cats. 

Firmicutes is the dominant phylum in the 
gastrointestinal tract and feces of humans and many 
mammals[6], and these microbes can degrade plant 
fibers into volatile fatty acids that can be used by the 
host[22]. The food of herbivores is rich in plant fiber, 
and the high abundance of Firmicutes in herbivores 
is related to their specific dietary, anatomical, and 
physiological characteristics[22–26]. The caracal cat is 

a typical carnivorous animal that mainly hunts small 
and medium sized mammals, primarily small 
rodents[1]. In the diet of the caracal cat, the 
proportion of vegetable food is very small, so there 
is no direct relationship between the food habit and 
the high abundance of Firmicutes in the gut of 
caracal cat. In the digestive tract of other predators, 
such as snow leopards[6], wolves[8], etc., the 
abundance of Firmicutes is also high, indicating that 
Firmicutes might play an important role in the 
nutrition intake, metabolism and intestinal health of 
carnivorous animals.  

Actinobacteria and Bacteroidetes are the other 
two core phyla in the fecal samples of caracal cats. 
The abundance of Bacteroidetes in sample CCM01 
is over 40%. Bacteroidetes is commonly abundant 
among the intestinal microbes in carnivorous 
animals and is the most abundant intestinal phylum 
in Felis catus (68%) and Cuon alpinus 
(21.63%–38.97%)[8,21]. Bacteroidetes mainly 
degrades indigestible dietary polysaccharides[9], such 
as high molecular weight organic matter, and helps 
the host degrade plant cell wall compounds, 
including cellulose, pectin, and xylan. It also digests 
endogenous carbohydrates secreted from the 
gastrointestinal tract of the host, such as mucin and 
chondroitin sulfate polysaccharides[27]. In addition, 
Bacteroidetes has anti-tumor properties and 
participates in the metabolism and transformation of 
toxic or mutagenic bile acids[27], which can help 
maintain the host’s intestinal health. In a study of 
dhole fecal microbes, the researchers believe that the 
increased abundance of Bacteroidetes in the feces of 
dholes in captivity is related to the consumption of 
commercially prepared foods containing adequate 
carbohydrates and soluble fiber from plant 
sources[9]. Bacteroidetes shows low abundance in 
most caracal cat fecal samples. This may be because 
the diet of the caracal cats is dominated by proteins 
and lipids, and the content of macromolecular 
polysaccharides is relatively low.  

It has been reported that the increase in 
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Actinobacteria abundance is related to the intake of 
fatty foods and animal proteins[24–25]. At the same 
time, Actinobacteria is also an important producer of 
secondary metabolites, which are important 
antibiotics. This suggests that the high abundance of 
Actinobacteria may be associated with high fat and 
protein intake and intestinal immunity in wild 
carnivores. In the present study, Actinobacteria 
shows a high abundance in the intestinal microbiota 
of the caracal cat, which is similar to the results of the 
study on intestinal microbiota of snow leopards[6].  

With the development of high throughput 
sequencing technology, the study of intestinal 
microflora in mammals is getting deeper and deeper. 
In this paper, high-throughput sequencing is used to 
detect the intestinal microflora of caracal cats. The 
results of UPGMA cluster analysis show that the 
samples from the same sampling site are gathered 
together. Because of the small sample size involved 
in this experiment, it is difficult to objectively 
evaluate the effect of feeding environment on 
caracal cat intestinal microbiota. However, the 
results of this study still provide important data for 
protection, rescue feeding and nutritional ecology 
research of caracal cats. 
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基于 16S rRNA 基因高通量测序研究狞猫肠道微生物多样性 
陈磊 1*，刘咪 1，沙未来 1，高迎 2，陈佳欣 1，朱静 1 
1 曲阜师范大学生命科学学院，山东 曲阜  273165 
2 济南野生动物园，山东 济南  250113 

 

摘要：【目的】研究狞猫肠道微生物多样性特征。【方法】对 7 只健康成年野生狞猫(2 只雄性，5 只雌

性；2 只来自济南野生动物园，5 只来自威海野生动物园)粪便微生物 16S rRNA 基因 V3–V4 区进行高通

量测序，对狞猫肠道微生物多样性进行研究。【结果】 7 只狞猫共获得肠道微生物 16S rRNA 基因 V3–V4
区有效序列 1458741 条，平均 208392 条，序列平均长度 433 bp。通过以 97%的序列相似性进行分类，

获得操作分类单元(OTU) 平均 233 个。经序列比对和分类鉴定，这些 OTU 都属于细菌域，包括 13 个

门，26 个纲，43 个目，75 个科，119 个属。其中，丰度最高的细菌门是厚壁菌门(Firmicutes，平均占 61.7%)、
放线菌门(Actinobacteria，12.42%)、拟杆菌门(Bacteroidetes，7.79%)、梭杆菌门(Fusobacteroidetes，7.79%)
和变形菌门(Proteobacteria，7.53%)。丰度最高的科依次是消化链球菌科(Peptostreptococcaceae，平均占

16.15%) ， 梭 菌 科 I (Clostridiaceae_I ， 14.78%) ， 毛 螺 菌 科 (Lachnospiraceae ， 13.13%) ， 红 蝽 杆 菌 科

(Coriobacteriaceae，12.31%)等。丰度最高的属是柯林斯氏菌属  (Collinsella，11.44%)，艰难梭菌属

(Peptoclostridium，10.91%)，狭窄梭菌属 1 (Clostridium_sensu_stricto_1，10.3%)，拟杆菌属(Bacteroides，

7.41%)，消化链球菌属(Peptostreptococcus，5.21%)等。7 只狞猫的肠道微生物中有平均 15.35%的 OTU 没有

归类到属。样本间聚类分析结果表明，来自同一动物园的样本聚为一支。【结论】本文通过高通量测序技

术研究了狞猫肠道微生物的组成和多样性特征，为狞猫的救护饲养和消化生理学研究提供基础数据。 

关键词：肠道微生物，狞猫，16S rRNA 基因测序 
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