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Abstract: 

Streptomyces species are important bacteria; they produce several bioactive metabolites such 

as antibiotics including antibacterial, antifungal, antiviral, anticancer, and other secondary 

metabolites that are important for human health, veterinary medicine, soil and plants.  

Classification of Streptomyces using classical methods; morphological, microscopic, and 

biochemical, suffers from major weaknesses and confusion. Classical methods are difficult to 

apply to the large number of available Streptomyces spp. (>570), cumbersome, expensive, 

time consuming, and most importantly are not applicable for routine work, require extensive 

experience which hinder their application and bacterial identification.   With the development 

of molecular biology, a possible solution to most problems is in sight. 16S ribotyping is being 

applied, yet it failed to identify species. This study was designed to categorize Streptomyces 

spp (known and unknown) into smaller and manageable subgroups and simplify identification 

and classification of the genus Streptomyces, the multi-locus gene analysis in addition to the 

16S rRNA gene was deemed the method of choice; the selected genes were Superoxide 

dismutase (SOD), Pyruvate phosphate dikinase (PPD), Sigma Factor (σf), Amino acid 

adenylation domain protein (aaa), [2Fe-2S] protein (IS), and Transcriptional regulator (TR). 

Based on available DNA sequences, BLAST search with published sequences, 17 primers 

were designed under the following criteria: amplicon sizes must be distinguishable by agarose 

gels, all primers should have similar melting temperatures (Tm) (60ºC), and that no any 

primer pair will react with all Streptomyces species. Worldwide collected soil samples were 

cultured on citrate-glycerol medium or ISP4, suspected isolates were subjected to PCR in a 

multiplex setting. SOD amplicon was sequenced for a limited number of isolates in order to 

validate and confirm the ability of the proposed Multilocus typing to separate species into 

subgroups. Theoretically, Streptomyces spp.  can be subdivided into genetic subgroups based 

on the presence or absence of selected loci. The sequential arrangement of loci had generated 

a flow chart which placed a given isolate in one of 192 possible subgroups rendering its 

accurate identification highly possible.  
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      Abstract in Arabic                                                              ملخص

   

ذات أهميه كبيرة، إذ تنتج عدة مواد  (.Streptomyces spp)تعد البكتيريا من فصيلة ستريبتومايسز  

خصائص حيوية هامة كالمضادات الحيوية بما فيها من مواد مضادة للبكتيريا، الفيروسات،  ذات

لها استخدامات و  أخرى الفطريات، ومواد مضادة للخلايا السرطانية، بالإضافة إلى منتجات ثانوية

 .تطبيقات مهمة في مجال الصحة، الطب البيطري، والزراعة

،  الطراز الشكلي باستخدام الطرق التقليدية، بناءا على (Streptomyces)إن تصنيف الستريبتومايسز 

فالطرق . أو المجهري، وبناءا على خصائص الكيمياء الحيوية يعاني من لبس ونقاط ضعف واضحة

، ) 570> ( (S. species)التقليدية صعبة التطبيق بسبب وجود عدد كبير من أنواع الستريبتومايسز

كما أنها بحاجة إلى وقت طويل، وهي غير قابلة للتطبيق . تفاع كلفتهاناهيك عن تعقيد هذه الطرق وار 

والآن، . بشكل روتيني، وهذا لأنها تحتاج إلى خبرة عالية، مما يعيق تطبيقها واستخدامها في التشخيص

وبالرغم من استخدام العامل . مع تطور علم الأحياء الجزيئي هناك بديل محتمل يلوح في الأفق

 في التصنيف إلا أنه ما زال قاصرا في التصنيف على مستوى النوع rRNA (16S(الرايبوسومي 

(Species)  . إلى  )المعروفة منها وغير المعروفة(هذه الدراسة تهدف إلى تقسيم أنواع الستريبتومايسز

 Streptomyces)مجموعات صغيرة يسهل التعرف عليها وتصنيفها ضمن جنس الستريبتومايسز  

Genus) . إن استخدام جينات متعددة(multilocus) 16بالإضافة إلى جينS rRNA  هي الوسيلة

 Superoxide dismutaseالمتبعة في هذه الدراسة، أما بالنسبة للجينات المختارة للدراسة فهي 

(SOD), Pyruvate phosphate dikinase (PPD), Sigma Factor (σf), Amino acid 
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adenylation domain protein (aaa), [2Fe-2S] protein (IS), and Transcriptional 

regulator (TR).  

في  DNAو قد اختيرت بناءا على المعلومات المتاحة عن تسلسل القواعد النيتروجينية للحمض النووي  

، ومقارنة سلسلة القواعد النيتروجينية المختارة (Data base)قواعد البيانات المنشورة على الانترنت 

في  (primer)بادئة  17لقد استخدمت . متسلسلات القواعد النيتروجينية المنشورة على قواعد البياناتب

مميزا عن غيره لكل منها  (amplicon)حجم الناتج  ان يكون :هذه الدراسة صممت وفق المعايير التالية

فصال نالا ، أن تكون جميع البادئات لها نفس درجة(agrose gel)على جل الاجروز  عند عرضه

(Tm)  درجة مئوية، وأيضا أن لا يتفاعل أي زوج من هذه البادئات مع جميع أنواع  60وهي

تم جمع عينات التربة من مناطق مختلفة من العالم وزرعت على وسط بكتيري محتوي . الستريبتومايسز

وعلى وسط بكتيري آخر معروف و  (citrate-glycerol)على ملح السترات بالإضافة إلى الجليسيرول 

جهزت الأحماض النووية المستخرجة من هذه البكتيريا لتفاعل . (ISP4)معد خصيصا لهذه البكتيريا 

لقد تم استخدام تقنية .   (multiplex PCR)باستخدام تقنية الخلط بين البادئات  (PCR)الأنزيم المبلمر 

لتأكيد  SODعدد معين من العزلات باستخدام جين  على (sequencing)تحليل القواعد النيتروجينية 

وإثبات قدرة هذه الطريقة على فصل أنواع بكتيريا ستريبتومايسز إلى مجموعات صغيرة بناءا على وجود 

 . من الجينات (loci)أو غياب المواقع المختارة 

مما يزيد من  (Cluster) مجموعة 192لقد أنتجت هذه الدراسة مخططا يضع هذه البكتيريا ويقسمها إلى 

   .فرص التعرف عليها
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Chapter 1 

Introduction 

Streptomyces are filamentous soil bacteria that are gram positive with high G+C content; the 

bacteria are similar to fungi in having hyphae, mycelia, and spores. Furthermore, Streptomyces 

are mostly saprophytic organisms (1, 2, 3). The importance of Streptomyces is due to their 

ability to produce important bioactive metabolites such as antibiotics and antiparasitic agents. 

For example, S. avermitilus produces the antiparasitic compound ivermectin (1, 2, 3). Other 

important concerns include the pathogenicity to plants; Streptomyces scabies is widely 

pathogenic to potato (4). Others cause human infections (5, 6, 7, 8).  In one of the studies, out 

of 92 isolates only two isolates (S. griseus and S. somaliensis) were subjected to complete 

species identification (8). Streptomyces are an uncommon cause of infection in human, but 

they may cause superficial disease after traumatic inoculation. They also cause mycetomas in 

the feet of farmers and perianal soft tissue infection (6, 7). Other less familiar visceral diseases 

are seen in HIV (Human immunodeficiency virus) and immune compromised people (5, 8).  

Classical or traditional methods for the identification and classification of Streptomyces are 

available based on morphological, biochemical, nutritional, structural, and physiological 

characteristics of the bacterium (9, 10, 11). These methods have limited success and 

applicability due to noncultivable organisms or due to some variable morphology; a species 

may fit into different patterns confusing the applicability of these methods (9, 12). In addition, 

descriptive and morphological traits and colony features are subjective, and may be interpreted 

differently by different researchers.  Phenotypic and biochemical characterization suffer from 

being incapable of  resolving species, from low reproducibility, time consumption, and being  

labor intensive, as well as requiring expertise in Streptomyces taxonomy  making them less 

practical(11, 13, 14) . Accordingly, another system or way to diagnose and identify this 

microbe is required. Molecular methods and bioinformatics represent a strong candidate 

system to settle this issue.   

Starting with the 16S r RNA gene is essential since it is well established that this gene can 

define the genus and in some cases the species.   On the downside, being highly conserved, 

16S cannot discriminate between closely related species.   Again the taxonomy of the bacteria 
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in the concept of Phylogenetic (16S ribotyping) is acceptable from domain to genus, but at the 

species level is not always possible. Microbial taxonomy is not dependent on the evolutionary 

process to speciation, hence the use of 16S rRNA gene sequence alone is not sufficient, but 

may be used with other genomic information (phylogenomic concept), multiple loci, and  

sequence analyses (MLSA) in  applying phylogenomics which is based on more than one gene 

up to chromosomal and genome level analysis (15).  

1. Literature review: 

1.1 The name Streptomyces: 

 The 1940s was the time in which it has been well known that anaerobic pathogenic species of 

Actinomycetes cause Actinomycosis in human being and lumpy jaw in animals (16, 17). First 

time description of Streptomyces established that the organism is aerobic, forming spores -

bearing aerial mycelia. These findings initiated the new organism; Actinomyces are anaerobic 

species (16). The number of reported species is large, so they need to be reclassified since they 

encompass a heterogeneous group of organisms when subjected to BLAST analysis (9, 14).   

 Waksman and Henrici (1943) classified aerobic, aerial spore bearing mycelia microorganisms 

based on the morphological descriptions and identification keys.  Logically, Waksman and 

Henrici found that Nocardia is a valid name that describes aerobic, fragmenting, non-

sporulating types of Actinomycetes (16, 17). Waksman and Henrici provided the name for the 

family to be Streptomycetaceae. The cause of this family name to become logically accepted 

with botanical code recommendations, which recommend that family name be derived from 

generic name.  Waksman and Henrici give example of species that are colorless in organic or 

synthetic media, proteolytic (liquefying gelatin), peptonizing the milk with an alkaline 

reaction and produce an earthy smell. Accordingly, the name Actinomyces albus was replaced 

with the new name Streptomyces albus (16).  
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1.2 Bases of Classification  

1.2.1 Chemotaxonomy: 

Fatty acid analysis has been used as a tool to assign an isolate to a particular genus (18). It has 

also been used for species delimitation of Bacterioides (19), and in strain identification of 

Corynebacterium (20).  

Saddler (1987) analyzed degraded fatty acid profiles of Streptomyces cyaneus by gas 

chromatography. The data were analyzed by Soft independent modelling by class analogy 

(SIMCA) statistical package and resulted in three clusters; the largest contains 16 strains, the 

second cluster contains the rest of S. cyaneus strains along with other Streptomycete spp.. The 

third cluster contains a number of blue-spored soil Streptomycetes (21).  

Whole cell analysis is another chemotaxonomic tool that can be useful in Streptomyces 

taxonomy. Whole cells are thermally degraded and examined using mass spectroscopy, 

resulting in a fingerprint that can be used to classify an isolate (22).  

The use of rapid biochemical testing in the taxonomy of Streptomyces was attempted by 

Goodfellow. The study utilized a fluorogenic probe -substrate conjugate. The target enzyme is 

revealed the presence of the enzyme. The strains used in the study were tested for 14 enzyme 

activities. The study produced reproducible data, but showed incoherent results in all test 

strains, which limited the usefulness of biochemical tests as an independent taxonomic tool 

(23). 

Actinophages were used also for genus and species identification. Polyvalent Streptomycete 

phages were studied by Chater in 1986, species specific phages are. Most actinophages are 

useful in genus delimitation, however, species specific are less useful than polyvalent 

actinophages (9, 24).  

Generating protein profiles of whole cells of Streptomyces can be used in taxonomy of 

unknown Streptomyces at the species and subspecies level. The resultant complex protein 

banding pattern is visualized by electrophoresis on Polyacrylamide gel. A study focused on 
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protein profiles of 32 strains of Streptomyces and 5 Streptoverticillium strains by SDS-

Polyacrylamide gel electrophoresis (PAGE) demonstrated the capacity of protein profiles to 

serve taxonomy (25). Indeed, PAGE was applied to classify Streptomycete, which is known to 

cause potato scab (26). Multilocus enzyme electrophoresis (MLEE) is another method for 

protein profiling. This method was applied in a study by using 11 different enzymes and 

viewing protein profiles from polyacrylamide gels to differentiate Streptomyces spp. to each 

other (27).  

Paper chromatography can be used in the identification of the Streptomyces spp. Paper 

chromatography is applied to whole cell lysate of the bacterial isolate; this method can 

discriminate between Nocardia and Streptomyces based on variation in mesodiaminopimelic 

acid. The justification for this approach is that the two genera; Nocardia and Streptomyces 

share morphological similarities (28).  

1.2.2 Serology 

Ridell and his colleagues (1986) used Ouchterlony double diffusion method to study 

Streptomyces and to distinguish between S. lavendulae and Streptoverticillium. The study also 

revealed some relation between N. dassonvillei and S. griseus on one hand and S. 

flavopersicum on the other (29).  

Kirby  and Rybicky (1986)  used antisera along with indirect ELISA  (IE) as a taxonomic tool 

to identify and classify S. anulatus and S. cattleya; in contrast to other methods ( Ouchterlony 

double diffusion , nucleic acid hybridization, morphology, and pigment production) based  

identification. The study claims that indirect ELISA is more sensitive, more quantitative, 

easier to read, and less time consuming (30). However, serological methods require prior 

preparations of antisera to individual species that renders them obsolete for requiring physical 

storage of an array of antisera. Replenishing antisera supplies and expired lots will 

undoubtedly introduce unnecessary variations, some of which may not be predictable.  

In a try to improve on the previous serological methods mentioned, Wipat and his colleagues 

(1994) produced monoclonal antibodies against the spores of S. lividans. The antibodies 

produced were tested for S. lividans specifity, and proved to be specific to cluster 21 of 

Williams grouping including S.lividans (31).  
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1.2.3 Numerical classification based on mycelium color 

One of the most important attempts in the numerical taxonomy of Streptomyces was 

conducted by Williams. A total of 475 strains were analyzed for their phenotypic 

characteristics like spore chain morphology and pigmentation, antimicrobial activity, 

biochemical tests, and antibiotic resistance patterns; 139 characters were investigated. The 

resulting clusters included single strain clusters, minor strain clusters consisting of less than 

five strains, and major clusters containing up to seventy one strains. Single strain clusters, 

minor clusters, and homogeneous clusters were considered as consisting of one species.  

Members of major clusters were regarded as species groups due to their highly diverse and 

heterogeneous characteristics, until further chemical and genetic analysis proves the same or 

otherwise. The similarities between clusters were assessed using a standard resemblance 

coefficient. Williams pointed to the value of numerical taxonomy as an important tool along 

with chemical, genetic and serologic analysis. The study also recommended that the genus 

Streptomyces be expanded to include species that bear single or short chains of spores on their 

substrate mycelia. Members of the family Streptomycetaceae were also excluded from the 

Streptomyces genus, and showed very little similarity to the genus members (32).  

Williams et al. (1983) was revised by Kampfer using 329 tests and 821 strains including ones 

that were not included in the Williams study (9). A later study conducted also by Williams et 

al. (33) produced a database for the identification of Streptomyces using the Willcox 

Coefficient (34). 

In a study carried out by Ismail et al. (2006) at the Suez University, Egypt, fifteen 

Streptomyces isolates were analyzed depending on a morphologic and biochemical basis to 

generate numerical profiles for each of the studied isolate (35). The study utilized 53 character 

units regarding mycelium color, growth on malt yeast extract agar, growth on inorganic salts 

starch agar, pigment formation, morphology of spore chain, spore surface, reduction of nitrite, 

hydrolysis of starch, production of H2S, decomposition of cellulose, liquefaction of gelatin, 

peptonization and coagulation of milk, utilization of (citrate, different nitrate and nitrite salts, 

urea, peptone, and olive oil). Each character was scored as a code (0 or 1) based on its 

presence or absence.  An isolate profile is then represented by a series of zeros and ones. The 

resulting profile codes were analyzed using the Canberra distance Coefficient to estimate the 
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similarity percentage between paired isolates. The numerical analysis results revealed a high 

similarity percentage between isolates of the same mycelium color. The study concluded that 

mycelium color might be a good basis for the classification and taxonomy of Streptomyces. It 

also concluded that numerical taxonomy is a useful tool in Streptomyces classification (35). 

However, numerical taxonomy suffers from instability of morphological behavior of 

Streptomyces spp. and the large number of tests that must be performed for each isolate. The 

method dictates that an established list or keys encompassing all Streptomyces spp. must be 

available for identification purposes.  

1.2.4 Genotypic methods in taxonomy: 

Genotypic analysis has contributed greatly to our knowledge about Streptomyces taxonomy, as 

genes are relatively not affected by growth conditions, medium composition, or environmental 

factors (9).  

Streptomyces differ from most other eubacteria in two aspects; they have large (9x10
6
bp) and 

linear genomes. (Streptomyces avermitilis MA-4680 DNA, complete genome GenBank: BA000030.3) 

1.2.4.1 DNA-DNA hybridization 

DNA-DNA hybridization is one tool used to identify the species of an unknown isolate. The 

hybridization of single stranded bacterial DNA with an artificially made DNA sequence is 

examined to determine percent homology. In a study done in 1986 by Mordarski, the 

groupings assembled by phenetic and taxonomic studies were evaluated. The strains that make 

the Streptomyces albidoflavus cluster were divided into three groups, as done by numerical 

and phenetic studies, but although one subcluster matched its counterpart in the previous 

studies, the other two did not match with the rest of the groupings.  Another study that aimed 

to compare genetic grouping and phenetic grouping was carried in 1996, and concluded also a 

discrepancy between genetic and phenetic grouping (9). In 1990 one study utilized DNA-DNA 

hybridization to unify the genus Streptoverticillium with the genus Streptomyces (36). 

Low-frequency restriction fragment analysis (LFRFA) is a molecular method of analysis in 

which a genome is cut at different points by a restriction endonuclease and visualized by 

pulsed-field gel electrophoresis (PFGE). LFRFA was used to classify 59 strains belonging to 8 
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Streptomyces species, and demonstrated some usefulness in this field. However, LFRFA 

studies have shown some discrepancies in which interspecies relationships were poorly 

resolved and contradictory. Therefore, its usefulness is limited to finding very closely related 

strains. (37).  

Another molecular method; randomly amplified polymorphic DNA (RAPD) PCR uses a 

single primer of random sequence to produce a PCR product with a distinctive fingerprint. 

This method requires stringent standardization to obtain reproducible results, otherwise 

inconsistent results and absence of recognizable PCR products were observed as in a study 

done by Mehling et al., in 1995 examined the relationship between S. virginiae and S. 

lavendulae using RAPD, and compared it with previous phenotypic and genotypic studies (38, 

39).  

Specific gene sequencing is a particularly useful tool in Streptomyces taxonomy, as some 

genes are highly conserved (40, 41). Stackebrandt found three regions; α, β, and γ in the 16S 

rRNA gene that have sufficient variation to be used in genus and species identification of 

Streptomyces (40, 41). Other genes that have been found useful in Streptomyces taxonomy 

include 23S rRNA, 5S rRNA genes, tryptophan synthase gene, and housekeeping genes (39, 

42, 43). 

 

1.2.4.2 Multilocus typing  

 

Multilocus typing is a phylogenetic concept achieved by studying five to eight genes to 

explore relatedness among bacterial species and strains (15).Multilocus typing has been 

explored by several researchers working with different bacteria; Liu et al., 2009 (44) working 

with Escherichia coli O157:H7 described subtyping highly conserved genes to be useless due 

to the lack of sequence variation found within analyzed housekeeping and virulence genes 

,which prevented subtyping of Escherichia coli O157:H7. (rhs) Genes Are Potential Markers 

for Multilocus Sequence Typing of Escherichia coli O157:H7 Strains (44). Guo 2008, have 

utilized four housekeeping genes and DNA sequencing to classify phytopathogenic 

Streptomyces spp. (14).  

In the present multilocus study, five genes were tested that did not belong to the housekeeping 

genes in addition to sigma factor gene and three differential primers of the 16S rRNA gene. 
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In this study, a new approach named Multilocus Numerical Classification was explored. 

1.3 Problem statement: 

There is no simple, inexpensive, and robust method to identify and classify Streptomyces spp, 

except for genome sequencing which may not be practical for routine work and may not be 

accessible to all. 

1.4 Aims: 

The aim of this study is to find a simple, inexpensive, quick, and practical method for the 

classification of Streptomyces into taxonomic clusters. 

1.5 Hypothesis: 

Current identification of Streptomyces species appears to be suffering major problems and 

confusion. Nucleotide data bases can be searched to find genes, which together with the 16S 

rRNA gene can discriminate and classify the genus Streptomyces into smaller and manageable 

taxonomic clusters. 

1.6 Approaches: 

Dividing the current members of the genus Streptomyces  into a sufficiently large number of 

clusters (~200)  using  a selected number  of discriminatory genes/loci (7 or more) that can 

discriminate  Streptomyces from other genera and S. species from each other by  producing  

different PCR-molecular patterns suitable for  Streptomyces typing. When amplified, these 

loci should produce a number of specific patterns (clusters), each pattern will represent a 

cluster that is sufficiently small, encompassing a limited number of species (three species per 

cluster for a total of ~600 species). Species within each cluster can then be resolved based on 

additional features or tests. The rRNA gene and six other selected loci should produce a 

taxonomic key (a flow chart). The designed primers must be specific for Streptomyces, but 

must be present in a limited fraction of the all S. species (this is a hypothetical assumption that 

must be met). Availability of genome sequences in the different nucleotide data bases should 

allow testing and clustering based on the hypothesized multilocus approach. Clustering 
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Streptomyces spp. will simplify typing and identification; therefore resolving the predicament 

of identifying each Streptomyces spp. from among >576 known species. In addition, the 

system can be expanded to accommodate newly discovered S. species; if 200 or 400 new 

species are to be discovered that were randomly distributed among clusters, then each cluster 

should contain 4 or 5 species which still can be easily identified within their cluster.   
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Chapter 2 

Materials & Methods 

2.1 Isolation of Putative Streptomyces and Culture Media: 

 

Figure 2.1: Two different Streptomyces species; QUBC101 photographed under 4X light microscopy 
showing the typical thin mycelia; and QUBC102 photographed under 1x dissecting microscopy 

showing the fungus-like appearance. QUBC102 was identified as Streptomyces griseusref since it 
shared 98.9% of a partial 16s rDNA amplicon, it was isolated from a pigeon feather  identified by 

Barghouthi (49). Both had distinct odder typical of Streptomyces.  

 

Figure 2.1 shows two cultured isolates that were part of this study at Al-Quds University. 

QUBC101 was grown on (Sodium Citrate Casaminoacids Glycerol media (CCG)) and 

photographed with a digital camera under 4x magnification of bright field microscope. 

QUBC102 on (CCG) was photographed under dissecting microscope (1x; final magnification 

was 10 times higher). 

 All bacterial isolates were cultivated from around twenty worldwide collected soil samples to 

obtain representative samples and to reduce repetitive isolation of the same isolate or species. 

The soil samples (200-300 g) were collected from a depth of five centimeters in fresh plastic 

bags and stored at room temperature. 

  The medium used for isolation is a citrate-glycerol (CCG) medium which was formulated by 

(Barghouthi and Ayesh) and that contained caseaminoacids, sodium citrate, Sodium Chloride, 

cyclohexamide, and glycerol (45). The commercially available medium (ISP4) was mainly 

used for routine maintenance and purification. ISP4 was modified; it was utilized at one-half 

strength while maintaining agar concentration at 20%. The cooled autoclaved medium was 

supplemented with 100 µg of cyclohexamide/ml. Soil samples (15 mg) were randomly taken 

QUBC101 QUBC102 
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on a pre-flamed spatula and sprinkled evenly over the agar surface, cultivated at 25 ºC for up 

to 3 weeks until optimal growth was obtained. CCG or half-strength ISP4 plates were used to 

subculture or maintain cultures. Plates were stored refrigerated before and after culturing. 

2.2 Gene Selection: 

Chromosome mapping for SOD, as in figures 3.1 and 3.2, was used from the available data in 

gene banks such as NCBI (http://www.ncbi.nlm.nih.gov/sutils/genom_table.cgi), in addition to 

the 16S rRNA gene, other genes selected for this study based on being less conserved than the 

16S gene and appeared to be widely distributed, but not present in all Streptomyces species. 

These produced positive and negative BLAST search results with available Streptomyces 

DNA sequences. (Reactive or positive +; and nonreactive or negative -).   
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Table 2.1: Multilocus Primers. Forward and reverse primers of the different loci and the 16S 

specific and general primers used in this study for amplification and sequencing.  

Locus  F/R  Primer Sequence (5’�3’)  -mer 
Amplicon 

size (bp) 

Tm  

(ºC) 

Superoxide 

Dismutase  

F  

R  

5’GCAGGTAGAAGGCGTGCTCCCA-3’   

5’-CCTCGCGTTCCACCTCTCCGG-3’  

22  

21  

333   63  

[2Fe-2S] Protein 

GBAD  

F  

R  

5’-ATGTGGTGCTCGCTGGGCACCAG-3’   

5’-CATGGAGTGCTATCACTGCGCG-3’  

23  

22  

474    61  

Transcriptional 

Regulatory  

F  

R  

5’-AGCAGGACGAAGGTGTCCCGGTC-3’   

5’-GCCATCAACGACCGGCTCGCCCT-3’  

23  

23  

607   

62  

61  

Pyruvate 

Phosphate 

Dikinase  

F  

R  

5’-GGTCCATCTGCTCGCGCGG-3’   

5’-GGAGTCGAGACCCGTGTCGGAAA-3’  

19  

23  

655   63  

Sigma Factor  

F  

R  

5’-ACTCGACGATCTGCACCCAGTCG-3’   

5’-AAGGGCTGGCTGGTCACCGT-3’  

23  

20  

709    63  

Amino Acid 

Adenylation 

Domain Protein 

(aaa) 

F  

R  

5’-TGCCGCCCAGTTCGAAGAAGTCGTC-3’   

5’-GGTGAACATGTTCGGCATCACGGAGAC-3’  

25  

27  

752  

 

65  

64  

16S RRNA  

FW1  

F  

R  

5’-GGTCGAAAGCTCCGGCGGTGAA  

5’-GAGTCCCCAACACCCCGAAGG-3’  

22  

21  

934  

60  

60  

16S RRNA  

FW2  

F  

R  

5’-CCCTTCACTCTGGGACAAGCCC  

5’-GAGTCCCCAACACCCCGAAGG-3  

22  

21  

1005   

61  

60  

QUGPRn2*  

QUGPRn3*  

R  

R  

5’-TGACGGGCGGTGTGTACAAG-3’  

5-GGCGTGGACTACCAGGGTATC-3  

20  

21  

See Table 

A1 

65  

63  
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2.2.1 Multiplex mixtures  

Table 2.2: Multiplexes prepared for testing the different putative Streptomyces isolates 

Multiplex Composition of Multiplex 

First set 

(4 mix; 4 loci)  

Superoxide dismutase, Pyruvate phosphate dikinase, Sigma 

Factor, and Transcriptional regulator 

Second set 

(2Mix; 2 loci) 

Amino acid adenylation domain protein and [2Fe-2S]GBAD 

protein 

First 16S rDNA Set Fw1 Fw.R 16S rDNA  

Second 16S rDNA Set Fw1 Fw.R Rn2 Rn3 16S rDNA 

 

2.3 Calculations and taxonomic clustering: 

Calculations showed that having two16S, Streptomyces specific, forward primers used with 

two 16S general reverse primers, will produce three 16S rDNA subgroups since the presence 

of the two forward primers generated similar size PCR products that cannot be distinguished 

in most cases especially when one is absent. The six selected gene loci, coding the potential 

patterns and the construction of a dendogram should separate species; this system with 6 genes 

and three 16S rDNA groups, has the capacity to accommodate 192 clusters (3x64) (species are 

~580 spp.). This process will alleviate the need for sequencing and BLAST analyses. 

Moreover, the analysis of the patterns produced will be based on a flowchart similar to that 

illustrated in figure 2.2 below. 
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Figure 2.2: Molecular loci flowchart of Streptomyces. PCR reactions based on the presence or 

absence of loci as detected by PCR amplicons. SOD: Superoxide dismutase, PPD: Pyruvate phosphate 
dikinase, σf: Sigma Factor, aaa: Amino acid adenylation domain protein. 

 

 The flowchart shows the order of selected loci used to assign Streptomyces to its relevant 

cluster.  In this chart, the first raw represents the three possible profiles for rDNA amplicon(s); 

16S-A, 16S-B, and 16S-C as detailed in table 2.3. Sod represent the super Oxide dismutase 

locus. PPD; is the pyruvate phosphate kinase locus followed by sigma factor (σ), Amino acid 

adenylation domain protein (aaa) and the iron sulfur gene Glycine Betaine Aldehyde 

Dehydrogenase (GBAD). 64 clusters for each rDNA pattern can be generated bringing the 

total to 192 potential clusters for all three rDNA groups (A, B, and C). 
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2.3.1 Cluster numbering: 

Table 2.3: grouping of Streptomyces isolates based on 16S rDNA gene. 

16s multiplex  A Group B Group C Group C Group 

(excluded) 

First set: 

Fw1 Fw.R 16S 

rDNA 

One band Two bands negative negative 

Second set: 

Fw1 Fw.R Rn2 

Rn3 16S rDNA 

One band or 

two 

One band  

or two 

Positive negative 

 

If the two sets of ribosomal primers (Fw1 Fw2. R 16S rDNA and Fw1 Fw2.R Rn2 Rn3 16S 

rDNA) were positive (amplify) with one band for each set of primers (A group) 

If the two sets of ribosomal primers (Fw1 Fw.R 16S rDNA and Fw1 Fw.R Rn2 Rn3 16S 

rDNA) were positive with two bands for the first set of primers and a positive (one or two 

bands) band at second set of primer (B Group) 

Positive for the second set of primers and negative for the first set of primers (C Group) 

If negative (no amplify) for both primers then (D Group), such isolates will be excluded until 

further confirmation is obtained, e.g. superoxide dismutase or another locus sequencing.  

 

The key below illustrates the coding process, once a code is obtained, the code is then 

assigned to one of the serially arranged clusters (1 to 192: 1-64 belong to A group, 65 -128 

belong to B group, and 129-192 belong to C group). 

If one or more genes failed to discriminate species, additional or alternative loci can be 

utilized. 
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Sequence of any PCR amplicon may help in matching dendogram identified species with 

available DNA sequence data of known species and to solve some of the problems that may 

face this new (dendograming) approach of typing.   

Superoxide dismutase, Pyruvate phosphate dikinase, Sigma factor will be specific to 

Streptomyces, yet, capable of distinguishing the different species (>576 spp. in addition to 

unknown spp) can be obtained either from published literature or by other methods, [2Fe-2S] 

protein, Transcriptional regulatory unit, and glycine betaine aldehyde dehydrogenase (GBAD)  

were selected from the available sequences data bases in addition to the three ABC-16S rDNA 

variants 

(http://www.ncbi.nlm.nih.gov/genomes/genlist.cgi?taxid=2&type=0&name=Complete%20Ba

cteria ) (46).  It is important to indicate that the selected genes were chromosomal loci 

avoiding any plasmid encoded genes.  Then, data bases were searched using BLAST to 

determine the matching of a selected gene/locus to a fraction but not all available 

Streptomyces species (http://www.ncbi.nlm.nih.gov/sutils/genom_table.cgi) (47).   

Superoxide dismutase sequence as shown by  BLAST at the data base found in 27 different 

Streptomyces and some other related bacteria, Pyruvate phosphate dikinase found in  36 

different Streptomyces, Sigma Factor found in 20 different Streptomyces, [2Fe-2S’GBAD]  

gene found in 7 different Streptomyces, and the Transcriptional regulator was found in 17 

different Streptomyces. All BLAST data indicate that these genes are distributed 

independently among Streptomyces spp. at least at the level of nucleotide sequence and not at 

the functional level that may or may not be provided by another gene. 

  

Gene Sequences from GenBank: (accession Numbers or gene ID, for each locus shown in 

BLAST results; See appendix) 

2.4 Primer Design: 

Table 2.1 shows the details of loci, their primers; sequence, length, and Tm as well as the 

predicted size of each predicted amplicon. (http://www.promega.com/techserv/tools/biomath 

/calc11.htm#melt_results) and base-stacking calculated Tm (48). 
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Each PCR amplicon should specifically identify its corresponding locus and allowing 

multiplex mixture(s) to be utilized in testing each isolate. 

2.4.1 Specificity of primers: 

The specificity of each primer pair was tested to make sure that selected primers did not react 

with other bacteria that may contaminate the process. The exact work procedure in this 

experiment was done by randomly collecting Gram positive and Gram Negative bacteria 

collection which were handled exactly as Streptomyces isolates and DNA extracted in the 

same extraction procedure and analyzed to show the lack of cross reactivity. 

 

2.5 DNA extraction, amplification and sequencing: 

2. 5. 1 DNA extraction: 

was done according to Barghouthi 2011and barghouth and Al Zughayyar  2012 (49,50); 

colony from agar plate was collected by scraping growth with a sterile scalpel and washed in 

350 µl (J-buffer containing 0.5 µl / ml of 2-mercaptoethanol),  after that the samples were 

micro centrifuged  for one minute at 13000 RPM, then treated with 100 µl lysozyme and 

incubated for 30 minute at 37 C°. After removal of lysozyme by centrifugation, 25 µl of 1% 

SDS (sodium dodecyl sulfate) and 25 µl of 0.5 N NaOH were added to lyse the cells and 

release DNA (51). Finally, the clear supernatant was diluted 15-folds and boiled for 10 min. 

for more details about DNA see Barghouthi and Al Zughayyar 2012 (Barghouthi SA and 

Dima K. Al Zughayyar 2012. Detection of  Neisseria meningitidis and unknown 

Gammaproteobacteria in cerebrospinal fluid using the two-step universal 

method.  [Abstract] [Full Text] [Full Article - PDF]  African Journal Microbiol Research pp. 

3415-3424. DOI: 10.5897/AJMR11.1213 
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2. 5. 2 Amplification:  

Standard PCR method was optimized. The reaction conditions were as following:  initial 

denaturation by hot start at 95 °C for 2 min, followed by 31 cycles of denaturation at 94° C for 

90 s, annealing for 30 s at each 62° C, 60° C, 58° C (49, 52) respectively and extension at 

72°C for 105 s. A final extension at 72°C for 2 min. using commercial master mix  from 

Promega Biochemical Company, which contains  Taq DNA polymerase, dNTPs, MgCl2 and 

reaction buffers at (2X) concentrations. Reaction products were electrophoresed in a 1.5% 

agarose gel stained with ethidium bromide and were visualized and photographed under UV 

light (49).  

 

2. 5. 3 Sequencing: 

Selected amplicons of Superoxide dismutase gene were extracted using available commercial 

Kit and sequenced (Bethlehem University), followed by BLAST alignment for species 

identification. Sequencing of Superoxide amplicon was done to compare sequencing based 

grouping to Multilocus Generated Clustering. They should be different, but multilocus clusters 

can be related to the actual sequence of a selected locus, superoxide dismutase or another 

locus in case of absent superoxide amplification. The Phylogenetic tree was drawn for the 

sequenced amplicon and multiple alignments using Bioedit software (http: //www.mbio.ncsu. 

edu/BioEdit/page2.html) (53). Then the cluster number and isolate number were indicated for 

every sequenced isolate on the phylogenetic tree. The relationships of the isolates to each 

other and members of the same cluster can be observed.  
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Chapter 3 

Results 

3.1 Diversity of Streptomyces species 

As indicated by the BLAST generated comparison (Figure 3.1 and 3.2). Figure 3.1 and 3.2 

show the BLAST search of S. griseus (ADFC02000002.1) against some of the available 

sequences indicating  a similarity that varied from near zero to 96% or higher. These BLAST 

results indicate that current classification and identities of Streptomyces spp. do not reflect 

their genetic relatedness. The poor identity (<1%) among species of the same genus is vividly 

clear when chromosomal alignment of a selected species was attempted against other 

Streptomyces spp. 

Similarly, BLAST results with superoxide dismutase from Streptomyces griseus strain DSM 

40931 (Figure3.2) showed 87% similarity with SOD of another claimed S. griseus strain DSM 

40660 and 99% similarity to S. limosus strain CB143, 91% to S. cinnamoneus strain DSM 

40005, and 90% to S. violaceoruber strain DSM 40049 indicating the poor alignment between 

members of the same genus or species (S. griseus; 87%), whereas better alignment to a 

different species; S. limosus (99%). The poor similarity is indicative of poor taxonomy used to 

define these strains. Figure 3.2 illustrates that several species were only 9% or less similar to 

other Streptomyces spp.   

The results indicate the need to reject the current classification since a genus should only 

encompass similar members that can be divided into species. The current genus of 

Streptomyces represents a genetically diverse group of organisms that may be divided into 

several Genera. The current attempt of multilocus clustering and analysis is amply justified.   
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Figure 3.1: BLAST results showing poor homology between claimed Streptomyces species that 
varies from <1% to >99% indicating poor taxonomy of the current Genus Streptomyces.  
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Figure 3.2: Superoxide Dismutase (SOD) BLAST results showing major variations among different 
Streptomyces spp. yet consistent within each species. Some inconsistencies suggest that such species 
may have been misidentified; red arrows.  
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3.2 Specificity of the primer: 

The selected primers were specific for Streptomyces, they did not react with DNA extracted 

from non-Streptomyces bacteria, a collection of known and unknown Gram positive and Gram 

negative bacterial DNA that was extracted as described in the methods section. No PCR 

amplification was seen as judged by agarose-ethidium bromide gel electrophoresis, this result 

was confirmed upon repetition on a different mixture of bacteria on a different day.   

The selected primers of the different Streptomyces loci were all functional; each primer pair 

produced the expected amplicon (Table 2.1); Some isolates were positive producing 

amplifications with certain primer pairs while negative (no amplification) with others 

indicating the suitability of these loci to discriminate between species in accordance with the 

hypothesis. SOD was positive for 26 isolates, σf was positive for 14 isolates, PPD was positive 

for 3 isolates, TR was positive for 2 isolates, aaa was positive for 4 isolates and IS was 

positive for 4 isolates. 

3.3 Screening of selected isolates with all primer pairs applied as multiplexes 

for clustering: 

Table 2.2 shows the different primer mixtures, 2mix and 4mix; amplicon sizes are indicated as 

well. When these mixes along with 16S primers were applied as four separate PCR reactions 

per Streptomyces isolate, the results (Figure 3.4, 3.5 and 3.6) showed different PCR patterns 

for several isolates.  

3.4 16S rDNA groups (A, B, and C): 

Figure 3.3A shows four of the isolates; QUBC 259, 267, 291and 311. Additional results are 

shown in figures 3.3B and C. The discriminatory ability of 16S primers to separate isolates 

into three (16s-A, B and C) groups was demonstrated, with isolates belonging to the A, B or C 

ribosomal groups. 

Isolates that produced negative results (16S-D) were excluded from this study.  
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Figure 3.3 A: Three isolates belong to 16s-A group, QUBC 259 belongs to 16S-B since only one 
band is showing in the first reaction of 16s reaction.  
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Figure 3.3 B: Three isolates Showing QUBC268 (16S-B); QUBC 315 (16S-A), and QUBC 261 (16s-
C) yet all three isolates share the same profile (2mix) with no bands. 

 

 

Figure 3.3 C: Three additional isolate showing QUBC 269 (16s-C), and QUBC 313 and 314 (16S-B).    

All tested isolates produced the 333bp band (Figure 3.3; Table 3.1) indicative of superoxide 

dismutase (4mix; smaller band of PCR multiplex reaction). However, sigma factor locus 

(indicated by the 709 bp in 4 mix reaction) was negative in isolates QUBC 259, 269, and 311.  

Results for all tested isolate are summarized in Table 3.1.The presence of a locus (positive ;+) 

or its absence (negative ;-).  
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3.5 Other loci:  

Isolates QUBC 96, 184, 202, and 286 were positive for amino acid adenylation domain protein 

(aaa) representing 14% of the 28 tested isolates. Pyruvate Phoshate Dikinase locus was 

identified in the three isolates QUBC 267, 285, and 286 (10.7%), only one isolate (QUBC 

286) that contained both (aaa and PPD) loci which makes it unique among the 28 tested 

isolates. 
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3.6 Assignment of isolates to a specific Cluster: 

Table 3.1:  Summary of all tested isolates showing the presence or absence of specified locus. 

  Genes 

 

 

 

QUBC 

Fw1 Fw2.R 16S rDNA 

/ Fw1 Fw2.R Rn2 Rn3 

16S rDNA 

 

 

SOD 

 

 

σ f 

 

 

PPD 

 

 

TR 

 

 

aaa 

 

 

IS 

 

Generated 

Cluster  # 

1+,+ 

A 

2+,+ 

B 

-,+ 

C 
12 - - + + - - - - - 160 

269 - - + + - - - - - 160 

96 - - + + + - - + - 142 

184 + - - + - - - + - 30 

267 + - - + + + - - + 7 

291 + - - + - - - - + 31 

210 - - + + - - - - + 159 

285 - - + + - + + - - 148 

286 - + - + + + - + + 69 

202 - - + + - - + + - 154 

289 + - - + + - - - - 16 

290 + - - + + - - - - 16 

315 + - - + + - - - - 16 

259 - + - + - - - - - 96 

102 - + - + - - - - - 96 

103 - + - + - - - - - 96 

261 - - + + + - - - - 144 

288 - - + + + - - - - 144 

157 - - + + + - - - - 144 

273 - - + + + - - - - 144 

313 - + - + + - - - - 80 

314 - + - + + - - - - 80 

287 - + - + + - - - - 80 

268 - + - + + - - - - 80 

101 + - - + - - - - - 32 

311 + - - + - - - - - 32 
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3.7 Construction of a flow chart: 

Figures 3.4, 3.5, and 3.6 demonstrate the utility of the Multilocus flow charts that were 

designed, tested, and established in this study. The flow chart started with 16S rDNA gene 

(three possibilities were utilized; 16s-A, B, or C). Group A represented isolates showing one 

band in both reactions. B represented two positive bands in the first reaction, and C 

represented a negative first reaction, and a positive second reaction. D was excluded due to 

being negative for the two reactions (Table 2.3). Twenty six Streptomyces isolates were 

confirmed to react with the designed primer mixtures; 8 in the 16S-A group, 8 in the 16S-B 

group, and 10 in the 16S-C group. Two isolates were in the D group and appeared negative 

with all mixtures. 

 

Figure 3.4: Flowchart of the 16S-A group Isolates belong to this group  include QUBC 184 in cluster 
30. QUBC 267 in cluster 7. QUBC 291 in cluster 31.  Isolates QUBC 289, 290 and 315 belong to 

cluster 16. Isolates QUBC 101and 311 belong to cluster 32. 
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Figure 3.5: Flowchart of the 16S-B group Isolates belong to this group  include QUBC 286 , in 
cluster 69. Isolates QUBC102, 103 and 259 belong to cluster 96. Isolates QUBC 313, 314, 287 and 268 

belong to cluster 80. 

 

 

Figure 3.6 : Flowchart of the 16S-C group Isolates belong to this group  include QUBC 261, 288, 
157, and 273 in cluster 144. Isolates QUBC 12 and 269 belong to cluster 160. QUBC 96 in cluster 142. 
QUBC 210 in cluster 159. QUBC 285 in cluster 148. QUBC 202 in cluster 154. 
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3.8 Superoxide dismutase amplicon sequencing and generation of a 
phylogenic tree: 

Since most isolates have shown presence of Superoxide dismutase amplicons, this locus was 

selected for sequencing in order to gain some idea about the relationships of clusters to actual 

DNA sequences. Figure 3.7 shows the obtained phylogenic tree.  DNA sequencing, and 

construction of a phylogenic tree based on multiple alignment; Bioedit software 

(http://www.mbio.ncsu.edu /BioEdit/page2.html) (53).  

 

 

Figure 3.7: Superoxide dismutase amplicon (333bp) was sequenced (QUBC isolates, with their 
cluster number indicated, additional published (SOD) sequences (scientific binomial names) were 
incorporated to construct this phylogenic tree. Several observations can be made based on this tree (see 

discussion).   
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3.9 One soil sample: 

Five putative isolates were obtained from the same CCG agar plate of a soil sample 

(Germany). The five isolates were used to challenge the multilocus ability to resolve different 

species and to identify similar or identical species. The results are shown in table 3.2 and 

figure 3.8  

                            

 Table 3.2:  Five putative isolates were obtained from the same soil sample 

Isolate Cluster 16S group 

QUBC 286 69  B 

QUBC 287 80  B 

QUBC 288 144  C 

QUBC 289 16  A 

QUBC 290 16  A 

 

 

 

Figure 3.8 : Two or three different morphological isolates from one soil sample (Germany) on the 
CCG medium. Isolate QUBC 287-290 were analyzed and showed two similar isolates and four 
different clusters (Table 3.3)  
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3.10 Distribution of tested isolates among hypothesized multiplex clusters: 

Table 3.3 shows that the 26 bacterial  isolate were distributed among 14 different clusters, the 

soil samples were from different locations, four isolates sharing cluster 144 all came from 

different countries, QUBC 157 from Palestine/Ramallah; QUBC 261 from Qater, QUBC 288 

from Germany, and QUBC 273 from Lebanon. Others that share the same cluster 80 came 

from the same soil sample (Kubar, Palestine), two German isolates shared the same cluster 16. 

Rare isolates came from unique environments; desert sand showed unique clusters 30; Cyprus 

sand (QUBC 291) showed cluster 31; Sharjeh isolate QUBC 96 is from the Arabian Gulf and 

was previously identified as an oceanic S. krainski. 

 

Table 3.3: Assigned isolates to the hypothesized  generated clusters   

Cluster Isolate  Source Cluster Isolate  Source 

160 QUBC 12 96 ابوديس QUBC 259  8قطر  

160 QUBC 269 النقب/الجرف  96 QUBC 102 ابوديس 

142 QUBC 96 
 2الشارقه 

S.krainski 96 QUBC 103 ابوديس 

30 QUBC 184  صحراويرمل  144 QUBC 157 ابو خليل رصاصي 

7 QUBC 267 144 بيت حانون QUBC 261  بني 10قطر  

31 QUBC 291  1 قبرصX 144 QUBC 288 المانيا 

159 QUBC 210 تهحديقتي شوك�  144 QUBC 273  ضبية/بيروت  

148 QUBC 285 ھـ.تونس س  80 QUBC 313  كوبر بيضاء شعاعيه 

69 QUBC 286 80 المانيا QUBC 314  كوبر بيضاء 

154 QUBC 202 المختبر/رام الله  80 QUBC 287  المانيا 

16 QUBC 289 80 المانيا QUBC 268  النقب/الجرف  

16 QUBC 290 32 المانيا QUBC 101  ابوديس 

16 QUBC 315 32 كوبر رمادي QUBC 311  السويدA 
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Chapter 4 

Discussion and Conclusions   

Genotypic analysis has contributed greatly to our knowledge about Streptomyces taxonomy, as 

gene sequences are normally not affected by growth conditions, medium composition, or 

environmental factors. Genotypic instability has been recognized that may affect genotypic 

classification as well (9). This may explain the inconsistency observed when BLAST is used 

to align a single species against itself (Figure 3.1 and3.2).  On the contrary, fluctuation of such 

factors is known to affect reproducibility of phenotypic features used as taxonomic traits. 

The sequence analysis and multiple alignments and the construction of a phylogenic tree 

showed that most isolates were different and can be discriminated into one of 192 possible 

clusters based on a single PCR run. Clustering was made simple; it was composed of four 

reactions (Two 16S mixtures and two mixtures of 6 loci 4mix and 2mix) run in 4 lanes on 

1.5% agarose gel. The results showed excellent resolution of all tested Streptomyces spp. 

suggesting that the multilocus clustering approach will be able to solve several important 

issues: 1- Breakdown a complex Taxa down to small groups based on 16S rDNA (A, B, and 

C). 2- The system allowed the use of the same trait or character three times, one time per 

group (e.g. a SOD positive or negative could only be used once if all members were in one 

group, but can be applied three times in the ABC 3-group-arrangement. In other words, the 

system has introduced a 3-folds reduction in complexity. 4- Because 16S was utilized to 

breakdown the complex relying on the presence or absence of a semi-conservative primer 

sequences (Table 2.1), positive results meant Streptomyces spp.  

This study provided the necessary tables and figures needed to allow unambiguous clustering 

of current >570 Streptomyces spp. Mathematically, each cluster should contain an average of 3 

species per cluster; the range may be wide with some clusters showing more species. 

Alternatively, some clusters may contain one or two species only. In case of increased 

numbers of species double or triple (e.g ~1500); each cluster will be able to accommodate nine 

species on average, such species can be distinguished based on their stable characteristics, or 

additional multiplex that contains two or three additional loci. Therefore, the method can be 

adapted to distinguish all isolates down to species level. It must be emphasized that clustering 
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is a process meant to reduce the number of species that need to be discriminated from each 

other. Such a method will alleviate the need to direct classification of any given Streptomyces 

isolate; a process that requires special training and extensive expertise in the Streptomyces 

taxonomy.  It must be clarified that clustering does not necessitate that species within a cluster 

be phylogenetically homogeneous, instead the more diverse they are, the easier it is to 

distinguish them from each other. 

In this sense, multiplex clustering substitutes phenotypic traits with molecular traits that are 

much more stable, reliable; flexible, and amenable to analysis; they are unlikely to be 

misinterpreted as it is the case of color-dependent reactions or time dependent-reactions and 

ambiguities associated with phenotypic methods or 16S ribotyping alone. An added 

advantage, sequencing of a selected locus such as Super Oxide Dismutase may identify the 

species and confirm its identity.   

The results showed the ability of the system to discriminate between isolates, while indicating 

a possible replication of isolates QUBC 289 and 290 (Table 3.3, Figure 3.7, and Figure 3.8). 

Additional testing, morphological features, or amplicon sequencing may be used to determine 

the relationship between these two isolates. The German soil sample produced five different 

isolates (Table 3.2). 

As presented in section 3.7, the multiplex clustering was able to discriminate between isolates 

obtained from the same soil sample, yet showed its capacity to identify similar isolates 

obtained from unrelated samples or the same soil sample. Samples from different 

environments showed isolates in different clusters. The results were consistent, valid, and 

reliable. The results support the hypothesis that multilocus clustering can discriminate between 

different isolates while identifying similar isolates as such. The 26 tested isolates were 

distributed among 14 different clusters, resolution (R=26/14= 1.85 species per cluster) was 

also consistent with the predicted resolution (3 species per cluster) that was theoretically 

calculated (570/192= 2.97 sp./cluster).   

The dendogram (figure 3.7) shows that QUBC 311 of cluster 32 appears to be closely related 

to S. roseosporus based on SOD sequence. Accordingly, incorporation of an unknown species 

SOD sequence with published SOD sequences may allow species identification and cluster 
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assignment to some extent to known published sequences, it may be reasonable to assume that 

S. roseosporus may be closely related to cluster 32.  Similarly QUBC 311 of cluster 32 may be 

related (similar or identical) to S. roseosporus.  The problem is that current taxonomy of 

Streptomyces spp. is not reliable according to BLAST results (section 3.1).  

 

When an isolate produced all negative PCR results, DNA was shown to be of a different 

bacterium using the G7 primer multiplex for bacterial detection according to the described 

Universal Method (Barghouthi 2011) (49). 

 

Recommendation: 

Finally, after this study, it is recommended that all ATCC of Streptomyces be provided from 

the research center and run them through this designed system to classify all Streptomyces spp. 

into generated taxonomic clusters, to know exactly how they will cluster and if the system 

needs tuning to do. By clustering Streptomyces spp. it will be easy to identify any unknown 

isolates and to what cluster they belong, and further more it is possible to limit an unknown 

isolate to a particular cluster. Future efforts should be directed toward what was mentioned 

above, and to additional studies of each cluster to add specific tests or characters to that could 

aid in species and strain identification. 
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Appendix: 

 

 
 

Figure A1: Streptomyces coelicolor 16S rRNA and locations of all 16S primers see reference (54). 

 

The figure show sequence of 16S RRNA and the highlighted sequence demonstrate five 

primers which were used as two set of multiplex (Table 2.1 and 2.2).  The first set composed 

of two forward primers with one reverse primer, the other one composed of same set in 

additional to other two reverse primers.  Possible PCR amplicons of 16S as applied for 

Streptomyces are shown in Table 2, six possible amplicons for each isolate are indicated. 
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Table A1: Size of the PCR product in the two sets of 16S RRNA 

 

 
 
 

Figures A2: Loci used in this study showed discriminatory power among 
published genomic sequences of S. species (see section 2.2). 

 

 Superoxide dismutase from Streptomyces coelicolor A3(2 

TCACGGCTTGAGGAGCAGGCTGTCGCCGCGCTCCTTGGCGGCGGCGTGACGCTTGGCCACGTCCTGC

CAGTTGACGACGGCCCACATCGCCTCGATGAAGTCGACCTTCTGGTTCTTGTACTGCAGGTAGAAGG

CGTGCTCCCAGGCGTCGAAGACGAGGATCGGGGTGGCGCCCTGGCCGACGTTGCCCTGGTGGTCGTA

GACCTGCTCGACGATCAGCCGGCCGCTGAGCGGCTCGTAGGCGAGGACGCCCCAGCCGGAGCCCTGG

GTGGTGGCGGCGGCCTTGGTCAGCTGGGCCTTGAAGCCGGCGAAGGAACCGAAGGACTCGGTGATC

GCGTCGGCCAGGTCACCGACACCGTCCTGGGCGAGGGGCTCGCCGCCGCCGTCCTTCGGGCCCGTCA

TGTTCTGCCAGTAGATCGAGTGCAGAATGTGCCCGGAGAGGTGGAACGCGAGGTTCTTCTCCAGGCC

GTTGATCGAACCCCACGACTCCTTCTCCCGCGCCTCGGCCAGCTGCTCCAGGGTGTCGTTCGCACCCT

TCACGTACGCCGCATGATGCTTGTCGTGGTGCAGCTCGATGATCTCCGGGCTGATGACCGGAGCCAG

CGCCGAGTAGTCGTACGGAAGTTCCGGAAGCGTGTAAAGCGCCAT 
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Figure A2.1: Superoxide dismutase from Streptomyces coelicolor A3(2), it will allow sequencing 
since it is widely distributed among Streptomyces spp. (see section 2.2) 

 

 

 
Sigma factor from Streptomyces scabiei 87.22 
 

TCAGCCGTGCCGGTGGGCGTTGAGCCGGGCCGCCTGGCGGGTCAGGTGGTCGCGC

TCGGCGAGGTTGGGCGCCGTGCGCGCCGCCTCGGCGTACAGGCGTGCCGCCGTCG

CCGGATCGCC GTCGCGCTCATGGAGATACGCCGCCACCGCCGTGTGCCGAGGGGT

CGAGTCCGGTACGAG CGCGAGCGCCGCCAGCCCGGCGCGGGGGCCGTCGGCCTC

GCCCACGGCCACCGCGCGGTTGAGCCGCACGACCGGACTGTCGGTCAGCCGCGCG

AGTTCGTCGTACCACTCGACGATCTGCACCCAGTCGGTCTCCTCGGCCGTGGGAGC

GTCCGCGTGCAGCGCGGCGATGGCGGCCTGGGCCTGGAACTCGCCCAGCCGGTCA

CGGGCGAGCGCCTGCTGCAGGATGCCGATGCCCTCGGCGATGGACGCGGTGTCCC

ACCGGCCCCGGTCCTGCTCGGCGAGCGGCACCAGGCTGCCGTCGGGCGCGGTACG

GGCTGCCCGCCGGGCATGGTGCAGCAGCATGAGGGCGAGCAGTCC CGCCACCTC

GGGATGGTCGATCGCGGCCGCCAGCTGCCGGGTGAGCCGGACGGCCTCGGCGGC

GAGGTCGACGTCCCCCGAGTACCCCTCGTTGAAGACCAGGTACAGGACGCGCAGC

ACGGTGGCGACGTCGCCCGGCCGGTCGAGGCGCACGCCGGAGACCGTGCGCTTGG

CCCGGCTGATGCGCTGCGCCATGGTCGCCTCGGGCACCAGATACGCCCGCGCGAT
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CTGGCGGGTGGTCAGCCCGCCGACGGCGCGCAGCGTGAGCGCGACCGCCGACGA

CGGGGTGAGCGAGGGATGGGCGCACAGGAAGTAGAGCCGGAGCGTGTCGTCCGT

GCCGGGCGCGGGCCCGGGCGACGGCTCCTCCTCGACGAGGTCCTCGCGCCGGCGC

CGGGCGGCGTCCGCGCGGGTCGCGTCGAGGAACCGGCGCCAGGCCACGGTGACC

AGCCAGCCCTTCGCGTCCCGCGGCGGGTCGCCCGGCCAGACGCGGAGCGCCTCCA

GCAGCGCGTCCTGCACCGCGTCCTCGGCCGCCGCGAAGTCGGCTCCGCGGCGGAC

GAGGACGGCGAGCACACCGGGGGTGAGGCCGCGCAGCAGGGCCTCGTCCATCGA

CGGGGTCAC 

 

 
 

Figure A2.2: Sigma factor from Streptomyces scabiei 87.22, it will allow sequencing since it is 
widely distributed among Streptomyces spp. 
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[2Fe-2S]-protein GBAD from Streptomyces scabiei 87.22 

 

TCACCCCTGGGTGATGCCGAGGCGCTCGTTCACCCAGTCGTGGAAGGCGCCGATG

TGGTGCTCGCTGGGCACCAGCACACCGCCCTTGGCGTACAGGCGTGAGCTCATGC

CGGGCTGGGTCCGCTCGCAGGCCTCGAAGTCCTGGAGGTTGACCCGGTCGAAGAG

TTCCACGGACCGGCTGACGTCCTTGCCGCTCTCCACGACGTGCGGCAGGTAGAGC

CAGTCGCACTCCACGATCGTGCGGTCCGCCGCGACCGGGTACATGCGGTGGAAGA

TCACGTGGTCGGGGACGAGGTTGATGAACACCTGCGGCCGGACGGTGATCGCGTA

GTAACGGCGGTCCTGGTCCTCCGCGACGCC CGGGATACGGTCCAGCCCCTCGGAG

CCGTCGACCGTGAAGCCCTGCACGTCCTCGCCGAA CTCCGCACCGTGGCCCACGT

AGTACTGGGCGGCGTACCCGTCCGCGAACTCCGGCAGCACCTCCGTCAGTTCCGG

ATGGATCGTCGCGCAGTGATAGCACTCCATGAAGTTCTCGATGATCAGCTTCCAGT

TCGCCTTCACGTCGTACGTGATCCGACGACCCACCGACAGACCGTCGATGTCGTA

CCGCTCGATCGACTCCACGTCACCGAGGCGGGTGACGACCTCGCCGATGACGTCC

TCCTCGAAGGAGGGCGGGTTCTCGGCGAGGCAGACCCAGACATAACCGAGCCATT

CCCGTACGGCGACACTCACCAGGCCGTACTCGGTCCGGCCCACGTCGGGCATCTT

GGTGAGGTTGGGCGCGGCGACCAGCTTGCCGTTCAGGTCGTACGTCCAGGCGTGG

TACGGGCACTGGAAGGCCCTCTTGACCTCGCCGGACTCCTCGGTGCACAGCTTGG

CCCCGCGGTGCCGGCAGACGTTGAAGTACGCGCGGATCGAGTTGTCCCGGGCCCG

GGTCACGAGGATGCTCTCGCGGCCCACGTCGACGGTGCGGAAGGCACCGGGCTTC

GCCAGCTCGGAGGCCCGGGCGACGCAGAACCACATGGTCTCGAATATGTGCTCCT

GCTCCTGGGCGAAGAACGCCGGATCGGTGTAGGAGGAGCCGGGAAGAGTGGCGA

TCAGGCTGTCGGGCAGGCTGGTCGAGGTCAC 
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Figure A2.3: [2Fe-2S]-protein GBAD from Streptomyces scabiei 87.22, it will allow sequencing 
since it is widely distributed among Streptomyces spp. 

 

 

 Pyruvate phosphate dikinase: 
 

TTACCGGTGGTCGCTGCCCTTCGACCGCGACGCCGCCCGGCCCGCCTCCAGGCGG

GCCACCGGGATCCGGAACGGGGAGCAGGAGACGTAGTCCAGACCCACCTCGTGG

AAGAAGTGGACCGACTCCGGGTCGCCGCCGTGCTCGCCGCAGACGCCGAGCTTCA

GGTCGGGACGCGTGGCGCGGCCGGCCTTCGCGGCGGCGGCGACCAGGGAGCCGA

CACCGTCCTTGTCGATGGTCTCGAACGGGGAGACGCCGAAGATGCCCTTCTCCAG

GTAGGCCGTGAAGAAGCTGGCCTCGACGTCGTCGCGGCTGAAGCCCCACACGGTC

TGGGTCAGGTCGTTGGTGCCGAAGGAGAAGAACTCCGCGGCCTCGGCGATCTGCC

CGGCGGTCAGCGCGGCGCGCGGCAGCTCGATCATCGTGCCGATCGACAGCTTGAG

CTTGGCGCCGGTGGCGGCCTCGACCTCGGCGATGACCTGGTCGGCCTCCTCGCGG

ACGATCTCCAGCTCCTGGACGGTGCCGACCAGCGGGATCATGATCTCGGCGCGCG

GGTCGCCCTTGGCCGCCTTGCGCTCGGCCGCGGCCTCGGCGATGGCGCGGACCTG

CATGGTGAACAGGCCGGGGATGACCAGGCCGAGGCGCACCCCGCGCAGGCCCAG

CATCGGGTTCTGCTCGTGCAGCCGGTGCACGGCCTGGAGCAGGCGCAGCTCGTTC

TCGTGCGGCTCCTGACGGGACTCCGCGAGCGCCACACGTACCGACAGTTCGGTGA

TGTCGGGCAGGAACTCGTGCAGCGGCGGGTCGAGGAGGCGGACCGTGACCGGGA

GGCCGTCCATCGACTCGAAGAGCTGGACGAAGTCCTGCTTCTGGAGCGGCAGCAG

CTCCTTGAGGGACTCCTCGCGCACCGCCTCGGTGTCGGCGAGGATCAGCCGCTCC

ACCAGCTCGCGCCGGTCGCCGAGGAACATGTGCTCGGTGCGGCACAGCCCGATGC
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CCTGGGCACCGAACCGGCGGGCGCGCAGCGCGTCCTCGGCGTTGTCGGCGTTGGC

GCGCACCCGCAGCCGGCGCTTGCGGTCGGCGAAGGCCATGATCCGGTGCACGGCC

TCGACCAGCTCGTCGGCGTCCTCGGCGCCCGCGTGCATCCGGCCCTCGAAGTACTC

GACGACCGGGGAGGGCACGACCGGCACCTCGCCGAGGTAGACCTTGCCGGAGGA

GCCGTCGATGGAGATCACGTCGCCCTCCTCGACGACGTGCCCGCCGGGCACGGTC

ATCCGGCGGCGCTTGGTGTCGACCTCCAGTTCCTCGGCGCCGCAGACACAGGTCTT

GCCCATGCCGCGCGCCACCACGGCCGCGTGGGAGGTCTTGCCGCCGCGCGAGGTC

AGGATGCCCTCGGCGGCGATCATGCCGTCCAGGTCGTCGGGGTTGGTCTCGCGGC

GGACCAGGATGACCTTCTCGCCGGACCGGGACCACTTGACGGCGGTGTACGAGTC

GAAGACGGCCTTGCCGACCGCCGCGCCCGGCGAGGCGGCGATGCCCCGGCCGAC

CTTCTCGACCTTCGCCTCGTCGTCGAAGCGGGGGAACATCAGCTGGGCGAGCTGG

GCGCCGTTGACCCGCTGGAGGGCCTCGGCCTCGTCGATCAGGCCCTGGTCGACGA

GCTGGGTGGCGATCCGGAAGGCGGCGCCCGCGGTGCGCTTGCCGACGCGGGTCTG

GAGCATCCACAGCTGACCGCGCTCGATGGTGAACTCGATGTCGCACAGGTCCAGG

TAGTGGTTCTCCAGCGTCTCCATGATCTGCATCAGCTGGTCGTACGACTTCTTGTC

GATCTGCTCCAGGTCCGCCAGCGCGACGGTGTTGCGGATGCCCGCGACGACGTCC

TCGCCCTGGGCGTTCTGGAGGTAGTCGCCGTAGACGCCCTGGTGCCCGGAGGCGG

GGTCGCGGGTGAAGGCGACGCCGGTGCCGGAGTCGGGGCCGAGGTTGCCGAAGA

CCATGGAGCACACGTTGACGGCGGTGCCGAGGTCGTGCGGGATGCGCTCCTGGCG

GCGGTAGAGCTTGGCGCGCTCGCCGTTCCAGGACTCGAAGACCGCCTTGATGGCG

AGGTCCATCTGCTCGCGCGGGTCCTGCGGGAAGTCCCGGCCGGCCTCGGTCTTGA

CGATCTTCTTGAACTTGGTGACGAGCTTCTTGAGGTCGGCGGCCTCCAGCTCGGTG

TCGACCGCGACCTTCTTGGCCGTCTTGGCCGCCTCCAGCGCCTCCTCGAAGAGGTC

GCCGTCGACGCCGAGGACGGTCTTGCCGAACATCTGGATCAGGCGGCGGTAGGAG

TCCCACGCGAAGCGGTCGTCGCCGGCCTGCTTGGCCAGGCCCTGCACGGACTTGT

CGGAGAGGCCGATGTTGAGGACGGTGTCCATCATGCCGGGCATGGAGAACTTGGC

CCCGGAGCGGACCGACACGAGGAGGGGGTCGTCGGCCTGGCCGAGCTTCTTGCCC

ATCGTGGCTTCCAGGGCGTCGAGGTGCGCACTCACCTCGTCACGCAGTGCCGCGG

GCTCCTCGCCGCTGTCGAGGTAGGTCTTGCAGGCCTCGGTGGTGATCGTGAAGCC

GGGAGGGACCGGGAGACCCAGGTTGGTCATCTCGGCGAGGTTGGCGCCCTTGCCG
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CCAGGAGGTCCTTGAGGTCCTTGTTGCCCTCGGTGAAGTCGTAAACGAACTTCGCT

GCGTTCGCTACCTGGGGATCTTTGTTTTCCGACAC 

 

 
 

Figure A2.4: Pyruvate phosphate dikinase from Streptomyces coelicolor A3(2), it will allow 
sequencing since it is widely distributed among Streptomyces spp. 

 

 

 
Amino Acid Adenylation Domain Protein 
    

TCACACCCCTTCGGTCAGGGCACGGATCGTCGGTGTGCGGTAGAGGTCGCGCAAG

GGCAGACGGCAGGTCGCGGGCGCGAAGCGCGGCGCTGACGCGAACGGCGAAGAG

CGAGTTGCCGCCCAGTTCGAAGAAGTCGTCGTCCAGGCCCACGGGCGTGCCGAGC

ACGGTCGCCCAGATCTCCAGAAGAGCCTCGGGCAGGCCGGCGGCCGCCCCGGAG

CCCGCGGCCGGCTGCCGGGGGGCGGCGGAGGACCGGGACGGGGCGGGGAGACGG

GCGGTGTCGAGTTTGCCGTTCGTCGTGAGGGGGAGCGCGTCCACGGCGGTGACCG

TGGAGGGGACCATGTGGCCGGGCAGCAGCCCCGCGCTGCGTTTGCGGATGCCGGG

GAGGTCGGCCAGGCCCTCCGCGGGTACGACGTAGGCGTCCAGCCGGGCGGCGGC

CGGGTCGTCGGGATCGTCGCGGCGCACGACCACCGCGGCCGCGCGGACACCGGG

GTCCTCCAGCAGTACGGAGCGGATCTCGTCGAGCTCGATGCGGAAGCCGCGGATC
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TTGACCTGGCTGTCGATCCGTCCGAGGTGTTCCAGCCTGCCGTCCGGCAGCAGCCG

CCCTAGGTCCCCGCTCCGGTACATCCGTCCGCCGGTGACGGGATCGGTCACGAAA

CGCTGCGCGGTCAGGTCGGGCCGGCCGAGGTAGCCGGTGGCGACGCCGGCCCCGC

CCACGCAGATCTCGCCGGTCACCCCCGGCGGTACCGGTCTGCCGTGCGTGTCGGT

GACGTACAGGTGCCAGCCGGGGATGGCCGGCCCCACGGAGCGTGAGCCGGCCAG

GGCGAGTTCGCGGGTGACGGTCTGGGCGGTGACGTGCACGGTCGTCTCCGTGATG

CCGAACATGTTGACCATGCGGCAGGCGTCCTCCGGATGCCGGTCGAACCAGGGCA

GCAGCATCCGGCTGTCGAGCGGCTCGCCTCCGAACACCACGAGCCGGACAGCGAG

ACCGGCGTGGTCGACCCGGAGCAACTGCGAGAAGGCGGACGGTGTCTGGCTCAG

GACGGTGACCTGTTCGGCGACCAGCAGGTCGCGGAACTCCTCGGGGTCGCGCGAG

ACGAAGTAGGGCACGACGACGAGCCGTCCGCCCGTCAGCAGGCAGCCCCAGATC

TCCCACACGGAGAAGTCGAAGGCGCCGGAGTGGAACAGCGTCCACACGTCGCCG

GGGCCGAGCCGGTACGTGTCACGGGTGGCCTCGATGAGCGAGACGACGTTGCCGT

GCGGGACGACGACACCCTTGGGGCGCCCGGTGGAGCCCGAGGTGTAGATGACGT

ACGCGGGATCGTCCGGGCCCGGCGCCACCTCCGGTGCCGACGGCCGGTCGGGCGC

CGCCTCCAGGAGTTCACCGGGTGTCAGCGCGGTGGTGCCGTCGCCGCGCGGGAAC

TCGGGCAGCCGCGTGACCACCACGCGCAGGCCGGCGTCGGACGCCGTCCAGGCC

AGGCGGTCGGCGGGATAGGCCGGGTCGGTCGGTACGTACGCGGCTCCCGCCTTGA

GCACGCCGAGCATGGTGACGACCAGTTCGACGGTCCGTTCCAGGCAGACACCGAC

CCGGTCGCCGTGCCGGACCCCGTGCGCCCGGAGGCCGGCGGCGAGGAGAGTGCC

CCTGTCGTCCAGCTCCCGGTAGGTGAGGCTCACGTCACCGTCGCTCACCGCGACG

GCGTCGGGGGTGGCGGACACGGCTCGCCGGAACGCGTCCAGCAGCGAGATCCCC

GCGGCGGCGACGTCCCCGTGGGGGCGGCCGAGCCGTGCGATCCGGTCCCGCTCGG

CGGGGTCCAGCAGGTCCGCGTCGCCGACGCGGGACTGCGGCGCGCGCGCCGACA

GCGCGTACACCCGGGCCAGGTGCCCGGCGAACTGCTCGACGGCCTCGGGGGAGA

AGTGGCTGCGGAGGTAGGAGAACCACAGGCGTGAACCCCCGTCCGGCAGAGGGA

CGAGCACGGTCGTCAGCGGGAACGCCGGAGCGAGGAGCGGCAGGTAGTCGTCAC

CGGTCGGCCCGTCGGGGCCGGATCCGTCGAGCAGCCCGGCGGTGACGGGCCGGTC

CACCCGGACGGGGGCGGACTCGCACCGAGCCCTCAGGTCCGCGAGGGTCGCCGC

CGGATCCACCGTGATCTCCCGCGCGATGCCACCGGGACCGGCGACGGTCACCCCC

TCCGTCGCGCCGTGCCCGTCGTAGCGGCTCAGGGTCAGGGCGAGAGCGGCCGTCA
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GCAGCCCGGGGCCGCCGCCCGGCTCCTGGGGCAGGTCCAGGTGGTACGTGCCGTG

GCGGGACGAACCGGGCTCGCCCCGGCCCCAGTCCGGCGCCGGACCCTCGGCCGGC

CGGGCGACACGATCCCCCTCGGGTGCGGGACACGGCCCGGCGGCCCGGGTCCCCG

CCAGCATCGCGGTCAGTGCGCCCAGACCGCCCCGGTCCAGCCGGTCCCGGTCCGC

CACGACCACCAGGTCGGCCTCCCCGTCGGCGTACCGCAGGAGGACACACCGCACG

CCGGCCGCCGGCCGCCGCATCTCGGCGTCGAGACGGCGCTCGGCGAGCGGCTCGG

CCGCGCCCGCCGGCACGTCGTCCACCCACAGCCGCCAGGGCCCGGCGGCGGACA

GCCGTTCGGCGAGTGTCCTGTCCGGCACCGGAGGGCCGGTCAGCCGGACGCGGAC

CGCATGGCACTGTGCACCCAGCAC 
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Figure A2.5: Amino Acid Adenylation Domain Protein from Streptomyces flavogriseus ATCC 
33331, it will allow sequencing since it is widely distributed among Streptomyces spp. 
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Transcriptional regulatory: 
 

CTACCGCTCCGGCGGTGCGAAGAGGTCGTCCTGGGCGCGGTCGCGAGCGGTGAGC

AGGGCGCCGCGCAGTACCGCGCCGCCGCCCAGGGTGCTGGGCCGTACCTCCGTGG

CCAGCGGTGACATGCGGGTGAGCCGGTGCTGGACGCGGTCGGCGAGGGCGTCGG

CGCCGGCCCGGCCGATCTCACCGGCGAGCACCAGGCAGCCAGGGTCGAGGACGG

AGACGACGGCGGCGGCGCCGAGGACGACCCGGTCGGCGAGCGCGTCGAGGAACC

GCTCGGCGGCGGGGTCGCTCCCGGACGCCGACCGGCGTACCGCCTCCCGGACCAG

CGCGGCGGCGTGCGGCTCGGGCCCGGCGGGTCGTGCCGTCACGCCGTGCTCCGCC

GCGAGGGCGGTGACCGCCGCCGCGCCCGCAACGGAGTGGAAGCCGCCGTCGCAG

TCGGTGGCGGAGGGCAGGCCGGCGGTGCCCGGCACCGGCATGAAGCCGATCTCG

CCGGCGCCCCCGGACACGCCCCGGCGCAGGGTGCCGTCGAGGACGACGGCGGCG

CCGATGCCGAGGCCGAGCCAGAGCAGGACGAAGGTGTCCCGGTCCCGGGCGGCG

CCGTCGCGCTGTTCGGCCAGGGCGGCGAGGTTGGTCTCGTTCTCGACGCCGACCC

GGGCCTCGGGGAACTTCTCCTGGAGCGCGGCCATCAGCCGACGATGCCACTCCGG

CAGCCCGGTGGAGTCCCGCAGTTCACCGCCGGCCGGGTCGATCAGGCCGGGCGCG

CCGATGCCGACGGTGTGCAGCCGGTCGGCGCCGGCCTCCTTGACCGCGCGCTCGA

CCAGGCTCACCGCCTGCTCCACCGCGGGACCGGTGCCGGAGTGGTCGTCGATGGG

CACGGACGCCTCGGCGAGGACCCGGCCGAGCAGGTCGGAGACGAGCACGGCGAC

GCCTTCGGTGCGCACGTCGAGGGCGGCGAGGTAGGCGCGCTCGGCGACGATGCCG

TACAGCTTGGCGTTGGGTCCGCGGCGCTGCTCGCCCGACTCCCCCGCCACCTCGAT

GAGTCCGGAGGCGGTGAGGCGTTCGACGAGGTCGGCGACGGTGGGCCGGGACAG

GCCGGTCAGCTGCTTCAACTGCCCTGCCGTCAACGGGCCCTCCCGCTGGAGCAGA

TGAAGGGCGAGCCGGTCGTTGATGGCCCGGGCGGTGCTCGGTGATGCGGGCAT 
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Figure A2.6: Transcriptional regulatory from Streptomyces coelicolor A3(2), it will allow 
sequencing since it is widely distributed among Streptomyces spp. 
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rDNA (16 S) from Streptomyces coelicolor A3(2) 
 

CATTCACGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACA

CATGCAAGTCGAACGATGAACCACTTCGGTGGGGATTAGTGGCGAACGGGTGAGT

AACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACGGGGTCTAA

TACCGGATACTGACCCTCGCAGGCATCTGCGAGGGTCGAAAGCTCCGGCGGTGAA

GGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGAC

GACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCC

CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG

ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGC

AGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTG

CCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTA

AAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCG

GGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTG

GTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGAT

CTCTGGGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTA

GATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCC

ACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCG

CAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGT

GGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAA

GCATCAGAGATGGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCG

TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCC

CGTGTTGCCAGCAAGCCCTTCGGGGTGTTGGGGACTCACGGGAGACCGCCGGGGT

CAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGG

CTGCACACGTGCTACAATGGCCGGTACAATGAGCTGCGATACCGCAAGGTGGAGC

GAATCTCAAAAAGCCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGA

AGTCGGAGTCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGG

GCCTTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTG

GCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGATTGGGACGA

AGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTTTCT (54). 
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Figure A2.7: rDNA (16 S) from Streptomyces coelicolor A3(2), it will allow sequencing since it is 
house keeping among Streptomyces spp. 

 


