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Abstract: Actinobacteria diversity was investigated in Nihewan basin by using two pair of 

Actinobacteria-specific primers for 16S rDNA clone library. The 8 different longitudinal archaeological sites we 

choose from Nihewan vary from 1,660, 1,640, 1,400, 1,320, 1,100, 900, 200 to 100 thousands year. We obtained 

937 Actinobacteria positive clone, and 733 positive clone has the taxonomic status of Actinobacteria, distributed 

in 4 subclasses, 5 orders, 9 suborders, 25 families and 45 genera, other 204 clone are in the unclassified status, 

accounted for 21.8% of the total number of clone. Comprehensive analysis based on Species richness, Shannon 

index and Simpson index, demonstrating the species abundance among 8 sample, and the highest Actinobacteria 

diversity were in sites of 1,400 thousands year while lowest in 1,660 thousands year. Furthermore, Nocardioides, 

Corynebacterium and Dietzia decreased from 1660 thousands year ago to 100 thousands year ago. While 

Aciditerrimonas, Conexibacter increased from 1660 thousands year ago to 1320 thousands year ago, however, 

the abundance decreased from 1320 thousands year ago to 100 thousands year ago, excepting the site of 200 

thousands year ago. It is been studied that, the structure of microorganism may be linked with the environmental 

change. 
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I. Introduction 
Actinobacteria is an important and functionally diverse group of organisms that are known to be 

involved in carbon cycling and nutrient transformation in soils
24

. Nowadays, the microbial community 

composition is among the most important factors to consider, as they are responsible for most transformations 

and drive the development of stable and labile carbon and nutrient pools in soil(Schulz S, et al. 2013). Evidence 

is accumulating that microbial communities are fundamental difference in the composition of soil
28
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 . One conspicuous group among the all the 

microbial, Actinobacteria is a group of gram positive bacteria with high DNA G+C content over 55%. More 

than 70% of bioactive compounds produced by Actinobacteria have the potential to be applied in pharmacy, 

industry, agriculture, and environment 
9
. This role in sustaining soil processes reflects their metabolic diversity, 

their ability to produce secondary metabolites and their mycelial growth habit which, like soil fungi, makes it 

possible to explore the bulk soil in search of water and nutrients 
25

. Members of Actinobacteria are also able to 

maintain metabolism and DNA repair at a low temperature and degrade complex organic matter in soi 
5
 
42

, The 

unique capabilities of Actinobacteria explain their prevalence in our study area. Furthermore, significant 

improvement in the resolving power of molecular tools have helped the reemergence of the field of microbial 

biogeography. Molecular genetic
14

 evidence collected primarily over the past decade has shown that the relative 

abundances of most microbial taxa vary rather predictably with habitat, environmental conditions, and seasons. 

To meet a better understanding about Actinobacteria requires a better understanding of how 

environmental factor function and ultimately, the ability to engineer diversity: function relationships so as to 

maintain and even enhance key system processes. The first paradigm in microbial biogeography, “everything is 

everywhere, but, the environment selects” was offered by Baas Becking (1934) more than 70 years ago 
37

 and 

his adage continues to be cited in nearly every recent publication on microbial biogeography. More specificly, 

studies showed that, pH
22

, Organic matter 
36

, TN 
29

 and various other factors 
27

 may affect community 

composition of Actinobacteria in different environment. While, all in all, these studies focused more on 

Actinobacteria diversity among space changes, few studies learn about it adding the factor of time.  

Nihewan, located in the east of Yangyuan country, Zhangjiakou city, Hebei province, and the north 

shore of the Sanggan River. This site could almost be paralleled with Olduvai gorge where known as the origin 

of human and located in the east Africa. The sample we collected from the different longitudinal archaeological 

sites separately, vary from 1,660, 1,640, 1,400, 1,320, 1,100, 900, 200 to 100 thousands year. The soil is 
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aggregated as stone under the pressure of gravity which means all microbial communities were in their 

dormancy and maybe does not influenced by climate dynamics outside after a few years’ deposition. As special 

as our sample, the wide diversity of physical and chemical conditions that exist in Nihewan provides the 

possibility of riches for diversity microorganisms and novel Actinobacteria. All communities here that shared a 

common history with a given long time durable influence when compared to communities in other habitat. 

Based on the special soil condition in Nihewan Basin, the composition of microbial in this site has gone through 

thousands of years’ continuous impact and never change. 

Discriminative ecological factors also explained a large amount of the variation within Actinobacteria 
7
. It is 

complex interactions of several abiotic factors rather than any singal factor that is responsible for microbial 

community. Here, the links between the measured ecological factors and the relative abundances within 

Actinobacteria categories at family level were investigated through RDA. In this study, we obtained 937 

Actinobacteria positive clones by using Actinobacteria-specific primers for gene clone library from Nihewan 

basin, we investigated temporal dynamics of Actinobacteria composition to delineate the patterns in Nihewan, 

that’s it, how Actinobacteria communities vary along diverse environmental gradients in special environments in 

Nihewan.  

 

II. Methods 
Sample Collection 

Soil samples were collected from various locations in the Nihewan, October 9 to 10, 2013. 

Descriptions of soil collection sites are presented in Table 1. By setting up geological profiles, the geological 

layer was selected from the sites according the representative of the ancient site of the typical characteristics. In 

each of the 8 sites, there were 3 randomly selected 20 m × 20 m replicate plots and 20 soil samples collected 

randomly from each geological layer, which extended to a depth of 1 m and the 20 soil samples were composed 

together. 1 kg soil removed from the composited soil sample immediately and placed on dry ice, shipped back to 

the laboratory preserved at - 80 ℃. By pooling the 20 soil cores, we aggregated spatial heterogeneity at the scale 

of individual site. The methods for determination of soil physical and chemical properties showed in table 2  

 

 
Table 1. The source information of the soil samples 

 
physical and chemical factors methods 

pH Potentiometric method 

Organic matter(OM) Potassium dichromate volumetric method 

Total nitrogen(TN) Potassium Dichromate - Sulfuric Acid Digestion 

Hydrolyzable nitrogen(HN) Alkali diffusion method 

Total phosphorus(TP) Sulfuric acid - perchloric acid digestion method 

Available phosphorus(AP) Sodium bicarbonate method 

Table 2. The Methods for determination of soil physical and chemical properties 

 

DNA Extraction Methods 
We design a kind of soil pretreatment method to improve the proportion of Actinobacteria DNA. Air 

dried 8 g soil sample were treated by 120℃ for 2 hour. After pretreatment of soil samples, and centrifugal 

washing two times with TENP buffer（50mmol/L Tirs, 20mmol/L EDTA, 100mmol/L NaCl, 0.01g/mL PVP, pH 

10）, The total soil DNA was extracted by SDS-phenol chloroform extraction method,The yield and integrity of 

the environmental DNA obtained were confirmed through electrophoresis in 1.5% agar gel. 
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Construction of 16S rRNA Gene Libraries 

The purified DNA was used as a template to specifically amplify 16S rRNA gene fragments, a 

∼1500bp region using the bacteria-specific primers (Lane, 1991): 27F (5-AGAGTTTGATCC/ATGGCTCAG-3) 

and 1525R (5-AAGGAGGTGA/TTCCAA/GCC-3). The size and quality of the resulting PCR products was 

confirmed by agar gel electrophoresis (2.0 % agar). They were then cloned into the pMD18-T linear plasmid 

vector (Takara Bio Group, Code D101A) and then into E. coli DH5 a competent cells(Takara Bio Group). 

Grown overnight after the transformation, single-clone colonies were picked up with sterile toothpicks and 

transferred into LB broth containing ammonium (100μg/mL). Cultured at 37℃，180 r/min cultured for 6-8 h。
Picked 1,500 ~ 2,500 clones randomly to construct 16S rDNA gene library. 

 
Primer Sequence (5’-3’) 

Act-20 CGCGGCCTATCAGCTTGTTG 

Act-19 CCGTACTCCCCAGGCGGGG 

Com2xf AAACTCAAAGGAATTGACG 
Ac1186 CTTCCTCCGAGTTGACCC 

Table 3. Ribosomal primers used in this study 

 

Amplification and Sequencing of Actinobacteria 16S rRNA Genes 

The primer Act-20, Act-19 Com2xf, Ac1186 (Table 3) was designed to target all sequences in the 

phylum Actinobacteria
35

 
31

. The success of PCR reactions were determined by subjecting the amplified products 

to 1% agar gel electrophoresis. All positive clones full sequenced using (Aokedingsheng Biological Technology 

Co., Ltd, Beijing). The comparison of the 16S rDNA sequence and the GenBank database was carried out to 

compare the species diversity analysis and comparison in each clone library. 

 

Phylogenetic Analyses 

The 16S rRNA gene sequences were taxonomically assigned using the Naïve Bayesian rRNA classifier 

of the Ribosomal Database Project II (RDP; 
41

. Sequences from this study were subsequently aligned using the 

ClustalW multiple alignment tool from BioEdit v7.0.5.3. The program DNADIST v3.5c in BioEdit was used to 

compute a distance matrix from the aligned nucleotide sequences. The distance matrix was input into the 

DOTUR program (v1.53) to assign the sequences to operational taxonomic units (OTUs) using the 

furthest-neighbor clustering algorithm
32

 at 97, 95, and 90% identities. Sequences from each clone library were 

aligned separately, and OTUs were identified at 97% identity. One representative sequence was selected for each 

OTU. Representative sequences from each OTU (97%) in 8 libraries determined in this study were deposited in 

the NCBI database under accessions No. KT905437-KT905868. The OTUs were used to depict the similarities 

and differences between different communities at 8 samples. Rarefaction curves were produced by standard 

calculations by comparing the total number of clones obtained to the number of clones representing unique 

OTUs. Alpha diversity Shannon index, Simpson’s diversity index, as well as species evenness and species 

richness for the clone libraries were calculated using the DOTUR program, summarized in Table 4. The 

observed species richness is affected not only by the number of individuals but also by the heterogeneity of the 

sample. Species richness 
17

 is the number of different species represented in an ecological community, landscape 

or region And the index is simply a count of species, does not take into account the abundances of the species or 

their relative abundance distributions. Species diversity takes into account both species richness and species 

evenness. Principal coordinate analysis (PCoA), which was used to measure dissimilarity at genus distances 

based on Uni Frac analysis, was performed with QIIME and visualized using KING
21

. PCoA based on weighted 

(PC1 and PC2 represented 81.1 % and 14.9 % of the variance) (Figure 2) and unweighted (PC1 and PC2 

accounted for 24.8 % and 14 % of the total variance) Uni Frac values showed that the bacteria communities of 

NFYM largely overlap between two different sampling groups. However, MANOVA based on the principal 

coordinates of the unweighted Uni Frac metric showed that the difference of bacterial community structure 

between the two groups was significant (P <0.05). The unweighted pair-group method using arithmetic 

means(UPGMA) (Figure 2) with the Uni Frac analysis indicated there was a discriminative trend in NFYM 

from the two sampling groups, although some samples could not be distinctly separated. 

 

 

 

 

Number 

Geologic Age

（ thousands 

year） 

OTU positive clone 
Ratio of 
uncalssified 

clones 

Diversity index 

Shannon_H Simpson_D 
Species 
evenness 

species 
richness 

Nhw1 1,660 34 131 3.0 2.795 0.888 0.481 6.727 



The Diversity of Actinobacteria in Nihewan Basin 

www.ijesi.org                              4 | Page 

Nhw2 1,640 39 99 5.1 3.246 0.948 0.658 7.525 

Nhw3 1,400 46 70 49.3 3.580 0.962 0.780 9.133 

Nhw4 1,320 41 95 18.1 3.249 0.944 0.628 8.145 

Nhw5 1,100 45 84 29.4 3.375 0.946 0.649 9.207 

Nhw6 900 28 62 26.2 3.081 0.936 0.778 6.094 

Nhw7 200 26 66 26.7 3.046 0.940 0.809 5.556 

Nhw8 100 34 78 22.0 2.981 0.900 0.579 7.166 

Table 4 Actinobacteria sequencing statistics and alpha diversity measures of soil samples of Nihewan 

 

Environmental Variables and Multivariate Statistical Analysis 

Environmental characteristics contain some index: a biogeochemical data set composed of factors, The 

biogeochemical data matrix included soil pH and total nitrogen (TN); total phosphorus (TP); available 

phosphorus (AP); available potassium (AK); organic matters (OM). The phylogenetically divergent lineages 

coexisting in the community may give diverse responses to the local environmental characteristics. To test this, 

Redundancy Analysis (RDA) was conducted with the software Canoco 4.5
3
, exploring the relationships between 

relative abundances and environmental variables. Furthermore, it is a choice of method for identifying important 

environmental variables to determine community structures in ecological data sets, assuming linear species 

response to the underlying environmental gradient
26

. Here, it was carried out to determine the relationship 

between the Actinobacteria community and the environmental factors.  

 
 pH OM TN TP AN AP AK 

pH 1       

OM -0.4213 1      

TN -0.2775 0.4772 1     

TP 0.2379 -0.5363 -0.2067 1    

AN 0.0815 -0.013 0.3901 -0.4008 1   

AP 0.007 -0.3805 0.4266 0.5646 0.243 1  

AK -0.1743 -0.1728 -0.5241 0.1363 -0.3272 -0.2597 1 

Table 5. The relevance of eight Nihewan soil chemical and physical factors 

 

(a)TP: total phosphorus (b) AP: available phosphorus (c) TN: total nitrogen (d) AK: available potassium (e) OM: 

organic matter (f) AN: Available nitrogen  

 

III. Result 
Testing of an Actinobacteria Primer System 

The Actinobacteria specific primer system detected 937 positive clones from the 16S rDNA clone 

library among the 8 samples. And the results show in table 4. To determine the validity and specificity of the 

primer system, all clones in the library were sequenced and classified. 733 positive clones were Actinobacteria 

belong to 45 known genera and 204 unclassified clones. 

 

Soil Actinobacteria community structure at Station in the Nihewan 

Soil samples from 8 stations were treated at 120℃ for 2 h, then centrifugal washing two times with 

TENP buffer then the bacteria 16S rDNA clone library was constructed. We randomly selected 1000-1500 

clones (for sufficient Actinobacteria coverage) from each station to detect Actinobacteria using two 

Actinobacteria-specific primer sets. From the 1000-1500 clones generated, the positive clones showed in table 4. 

Depending on the result, the number of OTUs defined positive clone of Actinobacteria among total clones 

varied from 62 to 131 grouped at the 97％ similarity level. A total of 293 OTUs were presented in the 8 clone 

libraries. The highest number of OTUs was found in the Nhw3, while the lowest OTUs was found in the sample 

Nhw7(table 4).  

Rarefaction curves for (a) observed Actinobacteria clone and (b) OTUs for Actinobacteria are shown in 

Figure 1. Although the rarefaction curve is not parallel with the x-axis, the Simpson diversity index reached 

saturation, suggesting that some additional phenotypes could be added with additional sequencing, but the great 

majority of Actinobacteria diversity was captured. Meanwhile, the Shannon diversity and observed species 

indices were applied to measure Actinobacteial sequence abundance and diversity among 8 samples.  
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Figure1. Rarefaction curves for clone and culture libraries 

 

To further determine the distribution pattern of Actinobacteria diversity along the different Nihewan 

archaeological strata for thousands of years, the alpha diversity was calculated by the number of OTUs and the 

Shannon-Wiener index
18

. The proportion of unclassified positive clones varies from 3.0 to 49.3. Percentage 

coverage showed that Nhw3 had potentially the most undetected OTUs (49.3％ coverage). The Shannon 

indices collected in different sites of geological age ranged from 2.795 to 3.580(Table 4) and the Simpson 

indices ranged from 0.888 to 0.962. Diversity estimates, Shannon_H and Simpson_D, indicated that Nhw3 were 

more diverse than the other sites, while the abundance of Actinobacteria in Nhw1 contains the lowest OTUs. 

Species Richness index indicated Nhw3 covers sufficient Actinobacteria community.  

A total of five different orders were detected in the complete data set, with the abundance of 

Acidimicrobiales, Actinomycetales, Gaiellales, Solirubrobacterales and Euzebyales varies in 8 samples. The 

dominant bacterial Actinomycetales accounting for 97.74%, 99.35%, 43.00%, 50.00%, 100%, 89.12%, 91.20% 

of the total sequence respectively, except Nhw7(35.00%). Interestingly, Euzebyales was specific exist in Nhw7. 

At the genus level, members of the genera Rhodococcus,  Microbacterium, Gaiella, 

Saccharopolyspora, Microbacterium, Amycolatopsis, Conexibacter and  Amycolatopsis, were most frequently 

detected (49.18, 25.68, 28.57, 35.79, 27.38, 54.84, 39.39,and 56.41% of the sequences, respectively), not the 

universal Streptomyces. These findings provided data for resource exploitation.  

More specificly, Agromyces, Ilumatobacter, Agrococcus and Microlunatus were the unique genera in 

Nhw1；Aeromicrobium, Jiangella, Brachybacterium, Cellulosimicrobium, Georgenia, Agromyces and Nocardia 

were specific genera in Nhw2; while Iamia and Mycobacterium were special genera in Nhw 3；Couchioplanes 

only exist in Nhw4；Mobilicoccus , Pseudoclavibacter and Plantibacter only found in Nhw5；Euzebya was only 

belong to Nhw7；Acidothermus and Alloactinosynnema derived from Nhw8. 

The results on the relevance of soil physical and chemical factors in Nihewan calculated by CANOCO 

version 4.5.1, shown in Table 5. Organic matter (OM) was negatively correlated with total phosphorus (TP), 

available phosphorus (AP) and available potassium (AK), and was positively connected with total nitrogen 

(TN) , while the pH was negatively correlated with the content of organic matter (OM) and total nitrogen (TN) 

available potassium (AK).  

We further used a phylogeny-based metric, Uni Frac, to assess the differences among microbial 

communities. Figure 2 shows the distribution of PC scores on the first two axes. PC1 explained 62% of the 

variance in Actinobacteria composition, while PC2 explained a further 11%. As shown in Figure 2, the Nhw1, 

Nhw3, Nhw6, Nhw7 and Nhw8 scattered on the left, while Nhw2 and Nhw4, Nhw5 gathered respectively on the 

right of the coordinate axis, furthermore, from the perspective of PCoA2, Nhw2, Nhw6, Nhw8 scattered on the 

above of the table respectively, while Nhw1, Nhw3, Nhw4, Nhw5 on the following one, more interesting one, 

Nhw7 just stand on the axis of PCoA2. 
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Figure 2. The principle coordinate analysis(PCoA) of Actinobacteria composition among eight samples in 

Nihewan sites. 

 

Influence of environmental variables on specific lineages 

A modified test based on some kinds of components was applied to study the effect of environmental 

variables on Actinobacteria community composition of the taxonomic groups listed in Figure 3. It revealed and 

confirmed dramatic differences in the abundance of specific Actinobacteria community members in response to 

environmental variables.  

Our RDA examined the significance of pH, OM, TN, TP, AN, AP,AK in relation to Actinobacteria community 

structure in Nihewan. These 7 significantly correlated variables accounted for some specific Actinobacteria 

species in Nihewan. We divided them into 3 clusters. The first group was mostly positive affected by MT, TP 

and consisted of Rarobacteraceae, Actinospcaceae, Conexibacteraceae, Cryptosporangiaceae, 

Thermomonosporaceae, The physiological features of the second group, which included members of the family: 

Streptomycetaceae,Nakamurellaceae,Intrasporangiaceae, Nocardiaceae, Pseudonocardiaceae, Microbacreriaceae, 

Acidimicrobiaceae,Streptosporangiaceae,Nocardioidaceae,Micrococcaceae,Kineosporiaceae,Solirubrobacterace

ae, Propionibacteriaceae, Acidothermaceae, Rubrobacteraceae, Micromonosporaceae, Geodermatophilaceae, 

were probably different from those of the first group, these family more related with pH, AP, OM and TN. 

Jiangellaceae, Promicromonosporaceae, Acidimicrobineae, Iamiaceae were devided into cluster 3. Specifically, 

available pH concentrations were highly positively correlated with  the abundance of Streptomycetaceae, 

Nakamurellaceae and which had a negative correlation with Acidimicrobiaceae, Jiangellaceae, 

Promicromonosporaceae; OM was positively related with Propionibacteriaceae, whereas had a negatively 

related with Cryptosporangiaceae; TN was positively related with the Micromonosporaceae, Rubrobacteraceae 

and was negatively related with Rarobacteraceae, Conexibacteraceae, Actinospcaceae.  

 

 
Figure 3. RDA diversity analysis ordination diagram of soil Actinomycetes 
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(a) TP: total phosphorus; (b) AP: available phosphorus; (c) TN: total nitrogen; (d) AP: available potassium; (f) 

OM: organic matter; (g) AN: Available nitrogen; (h)MP: annual mean precipitation; (i) SD: annual mean 

sunshine duration; (j) AAC: mean active accumulated temperature(>10℃); (k) ME: mean sea level elevation 

 

IV. Discussion 
At present, soil microbial diversity patterns along ecosystem gradient had been reported a lot, including 

agricultural soil
39

, extreme environment
33

, and marine microbial diversity
4
. However, only few studies focused 

on Actinobacteria changes along the different geological era in Nihewan basin. Existing studies have shown that 

the diversity of Actinobacteria determined that they could adapt any extremely environments, such as cold, 

anaerobic, poor nutrition, etc 
2
. and is a kind of important organism mediating plant litter decay and the 

subsequent formation of soil organic matter in terrestrial ecosystems 
6
.  

Whilst Actinobacteria are generally considered as soil-dwelling bacteria, it remains unclear what kind 

of environmental factors play a more part in determine their community structure. Understanding Actinobacteria 

distribution in the environment is important in understanding their ecological role and for pharmaceutical 

bioprospecting. In this study, Based on 16S rDNA full sequence alignment analyzed among 8 clone libraries 

found, at least 18.1％ unclassified sequence clone among each clone library besides in Nhw1 and Nhw2. The 

result demonstrates that composition of Actinobacteria exist in Nihewan, but also contain much untapped 

potential Actinobacteria resources in Nihewan.  

1000-1500 positive clones of the 16S rRNA gene library of the Nihewan were analyzed, and the 

positive clones were amplified by two pair of Actinobacteria specific primers, obtained 937 positive clones. 

Based on the sequencing analysis of 8 full sequential clone library 733 positive clones has the taxonomic status 

of Actinobacteria, distributed in 4 subclasses, 5 orders, 9 suborders, 25 families and 45 genera, other 204 clones 

are in the unclassified status, accounted for 21.8% of the total number of clones.  

These clones were clustered into operational taxonomic units (OTUs) at the 97% similarity level and 

analyzed using rarefaction curves to demonstrate the library size is large enough to cover all kinds of 

Actinobacteria community in 8 sites. In this paper, comprehensive analysis based on Species richness, Shannon 

index and Simpson index, demonstrating the species abundance of sample. The highest Actinobacteria diversity 

(Shannon_H index=3.580, Simpson index=0.962) was at Nhw3 whereas the lowest was measured at 

Nhw1(Shannon_H index=2.795,Simpson index=0.888). From the result above, the estimated coverage of each 

clone library were moderately high, ranging from 62 to 131. Different archaeological, sample’s environments 

and that they are rich sources of both novel species and abundant of Actinobacteria.  

From the perspective of era, result showed that, the number of Micrococcus and Microbacterium 

change massively in sample of Nhw2(1640 thousands year ago) and Nhw5(1100 thousands year ago), in other 

sample, decreased with the passage of time. Aciditerrimonas, Conexibacter increased from Nhw1(1660 

thousands year ago) to Nhw4(1320 thousands year ago), which means the number of these two genera increased 

from Nhw1(1660 thousands year ago) to Nhw4(1320 thousands year ago), however, the abundance decreased 

from Nhw4 (1320 thousands year ago) to Nhw8 (100 thousands year ago), excepting Nhw7(200 thousands year 

ago). The number of Nocardioides, Corynebacterium and Dietzia decreased from Nhw1(1660 thousands year 

ago) to Nhw8(100 thousands year ago). So, what made these different? It is been studied that, the structure of 

microorganism may be linked with the environmental change. Ao H, et al, 
1
demonstrated that, Nihewan, as the 

accepted standard of quaternary strata in the world, environmental change can be divided into four stages, 

including has not yet been established stable waters and mesomorphic classes-stage I, stabled water which 

contain a little salinity-stage II, the basin began to shrink, and the climate shifted from warm to semi-arid-stage 

III and the lake was is further salted, and that climate is further dehumidify by warm humidification to semi-arid 

development, and finally dries out-stage IV. To some extent, the dynamic environment may be the reason why 

the confused Actinobacteria change in era dimension. 

Apart from environmental change, it can be seen from the soil type that, the soil type of Nhw3 is loess, 

high quality as it is, contains not only three layers including soil humiliation layer, leaching layer, deposition 

layer, but also the unique quality nutrition which other type of soil could not have. For example, the content of 

organic matter,carbonate minerals much more abundance comparing with other soil type. Above all, the soil 

samples of Nhw3 are more familiar with the modern soil type, which may be more suitable for the survival of 

Actinobacteria. While the soil type of Nhw1 is Silt（tan silty sand）which much more barren. Unclassified clones 

varied in 8 samples, from 4 in Nhw1 to 68 in Nhw3, The preliminary investigation of terrestrial soils from 

Nhw3 demonstrated that there is much untapped potential Actinobacteria in Nihewan. The vast majority of 

OTUs are composed of sequences from one or two samples, completely different as indicated results. While, 

some specific OTUs were presented in all samples. These observations may demonstrated, the Actinobacteria 

diversity in Nihewan needs to be learn, clear distinction between samples from each ample remain to be 

analyzed. 

Then, data for the Actinobacteria community were analyzed at the order and genus levels. From the 
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statistics of the species and number in different Actinobacteria taxa in eight Nihewan clone libraries, 

Acidimicrobidae, Actinobacteridae,  Rubrobacteridae, Solirubrobacterales, Nitriliruptoridae were detected in 

Nihewan site, but the above groups in the eight samples of the proportion is slightly different. Acidimicrobidae,  

Actinobacteridae,  Rubrobacteridae, were judged to be major components of each library since they constituted 

a large proportion of the total clones of a given library. However, the number of Solirubrobacterales is much 

more abundance than Actinobacteridae in Nhw7. Nitriliruptoridae were only found in Nhw7. They were 

identified as contributing substantially to the relative abundance of Actinobacteria. Actinobacteridae was 

dominant and was found in each library.  

Moreover, most of the order currently contain only a single family, most family contain only a single 

genus. This results reinforce the fact that enormous influence of environment on Actinobacteria, leading to the 

abundance varies. In different geological age sample, shows some specific factors influence the vary number of 

specific Actinobacteria.  

The dominant genus varies in different samples. Rhodococcus was unique in Nhw1，accounting for 

44.4%;  Microbacterium was the dominant species in Nhw2 for 24.4%； Gaiella for 14.6% in Nhw3; 

Saccharopolyspora in Nhw4 occupying for 29.3%；Nhw5, unique species was Microbacterium for 19.3%；

Amycolatopsis both in Nhw6 and Nhw8，accounting for 40.5% and 44.0%; Last one sample Nhw7, 

Conexibacter for 28.9%;   

Soil pH was the best predictor of variability in diversity levels within each of dominant phyla
22

. The 

effects of soil pH on the relative abundance of Actinobacteria vary in different paper nowadays. Lauber C L, et 

al. demonstrated the abundances of Actinobacteria positively correlated with soil pH, while in this paper, the 

first group we analyzed had a strongly positive correlation with pH, completely contrast with the second 

group(Figure 3). then we can safely conclude that the influence of pH varies on Actinobacteria species. More 

specifically, In Nhw1, Streptomycetaceae were the main genotypes. The indices of pH, were the main driving 

factors for this genotypes. Therefore, Jiangellaceae and Micrococcaceae may be the main contributors to the 

Actinobacteria community structure of Nhw2 and may be driven by the factors of pH. Nocardiaceae is among 

all eight samples, had a positive correlation with pH. It can been seen, pH in particular have not only changed 

the community structure but also the taxonomic diversity of Actinobacteria in these soils.    

Although pH has been found to be the prevailing environmental factor in shaping soil bacterial 

community compositions, other factors were also shown to mediate the geographic distribution of the microbial 

communities in various environments. Microbial biomass was also strongly correlated with OM. Furthermore, 

our study demonstrated that most Actinobacteria remain had a positive abundance with OM, the certain 

group(Thermomonosporaceae, Cryptosporangiaceae, Actinospcaceae and Conexibacteraceae) of relative 

abundance of Acidobacteria decreased with increasing OM, while the relative abundance of 

Acidobacteria(Propionibacteriaceae, Acidothermaceae and Rubrobacteraceae) increased with soil OM. 

Futhermore, Sasha Jenkins, et al. demonstrated Arthrobacter and Micrococcus more abundant in soils receiving 

organic inputs. 

Consistent across nearly all soils, N addition decreased microbial respiration rates 
29

, with an average 

decrease of 11% over the year-long incubation, and decreased microbial biomass by 35%. Ramirez K S et al. 

found, N addition increased the relative abundance of Actinobacteria. In our study, from the family level of 

Actinobacteria, interestingly, while Acidimicrobinese increased with TN , Streptomycetaceae have no 

correlation with TN, while the abundance of Actinospicaceae totally negative with TN. This is different from the 

results of Jenkins S N, et al., who showed that TN with an increase in the relative abundance of acidophilic taxa 

such as Acidimicrobium, Streptomyces and Actinospica 
19

. Corynebacteriaceae mainly existed in Nhw3, while 

negatively correlated with TN, maybe demonstrated that Corynebacteriaceae may be inhibited by a kind of 

substance in Nhw3 correlated with the contents of TN. TN were the diving factors for Micromonosporaceae, 

mostly discovered in Nhw7, whereas were strongly negatively with the first group mostly. While the first group 

mainly correlated with TP, AK and MT positively. Then we can safely conclude that, to some degree, the indices 

of TN were negatively correlated with TP, AK and MT. 

These observation is unfamiliar with other studies partly, while still shows the chemical and physical 

factors to be generally correlated with the structure and composition of the microbial communities across 

geographic scale
20

 
34

 
15

 
10

. Above all, surveys nowadays must put mostly concentration on the Actinobacteria 

abundance from a low level, such as family. 

Combined the above analysis, pH and OM were the common important environmental factors that 

impact Actinobacteria, and the environmental change during quaternary strata and its special soil type in 8 sites. 

The variation of soil nutrient contents may largely had impact on the community structure of Actinobacteria. 

Our study mainly analyzed results show that, the way by using two specific Actinobacteria primers to improve 

methods for detection and identification of Actinobacteria could reflect the community composition, to some 

extent, but still needs to fix for it could not cover all Actinobacteria in sample; on the other hand, although pH 

and OM appears to be a driver of many patterns in soil microbial diversity, the influence of other special 
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samples will need to be understood in order to develop a more completely model that accurately predicts soil 

microbial community structure across larger spatial scales. It highlights the need to address dynamics at the 

family levels to gain insights into the factors regulating distribution and composition of Actinobacteria. 
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