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• Clinical microbiologists are engaged in the field of diagnostic microbiology to 
determine whether pathogenic microorganisms are present in clinical 
specimens collected from patients with suspected infections. If 
microorganisms are found, these are identified 

 

• During the past 3 decades, technical advances in the field of diagnostic 
microbiology have made constant and enormous progress in various areas, 
including bacteriology, mycology, mycobacteriology, parasitology, and 
virology. 

 
 
• The diagnostic capabilities of modern clinical microbiology laboratories have 

improved rapidly and have expanded greatly due to a technological revolution 
in molecular aspects of microbiology.  

 
• In particular, rapid techniques for nucleic acid amplification and 

characterization combined with automation have significantly broadened the 
diagnostic arsenal for the clinical microbiologist. 



• Identification of pathogens 
• Study of Antibiotic resistance 

Phenotypic methods 
-Microscopy/staining 
-Biochemical reactions 
-Serological reactions 
-Susceptibility to anti-microbial agents 

 
 

Genotypic methods 
-Molecular Biology techniques 





















Identification of pathogens 

Phenotypic methods 
-Microscopy/staining 
-Biochemical reactions 
-Serological reactions 
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Targets the  
DNA 



Molecular typing 



 
 
• Email: rampias@gmail.com 

Conventional PCR 
Reverse transcription PCR 
 

Real time PCR 
Quantitative RT-PCR 
 

Sanger 
sequencing 
1990 - 
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Αλυςιδωτι Αντίδραςθ 
Πολυμεράςθσ (PCR) 

• Θ αλυςιδωτι αντίδραςθ πολυμεράςθσ 
είναι μζκοδοσ παραγωγισ μεγάλου 
αρικμοφ αντιγράφων ςυγκεκριμζνων 
μικρϊν αλλθλουχιϊν DNA – 
λογαρικμικι αφξθςθ 

PCR: 1985, Βραβείο Nobel 
για τον Kary Mullis in 
1993 





Αναλϊςιμα 



PCR απαιτοφνται: 

• Magnesium chloride: .5-2.5mM 
 
• Buffer: pH 8.3-8.8 
 
• dNTPs: 20-200µM 
 
• Primers: 0.1-0.5µM 
 
• DNA Polymerase: 1-2.5 units 
 
• Target DNA: 1–10 μg/ml  



+ MgCl2 

+ Buffer 

διάλσμα 

+ dNTPs 

+ Taq 

polymerase 

+ εκκινηηές 

ηλεκηροθόρηζη 

τρηζιμοποιείηαι ένα ζεύγος 

εκκινηηών (primers) ποσ έτοσν 

ζσμπληρωμαηική αλληλοστία 

με ηα άκρα ηοσ DNA ζηότοσ  



 
Ζνασ χϊροσ  χριςθ καλάμων βιολογικισ 
αςφάλειασ, χριςθ απολυμαντικϊν και UV 
•Όχι σε χώρο καλλιεργειών 
μικροοργανισμών! 
•Χρονικόσ χωριςμόσ!  



ΘΕΡΜΑΝ΢Θ (94oC) ΓΙΑ ΣΘΝ ΑΠΟΔΙΑΣΑΞΘ ΣΩΝ DNA 
ΑΛΤ΢ΙΔΩΝ 

ΨΤΞΘ (52-61oC) ΓΙΑ ΣΘΝ ΤΒΡΙΔΟΠΟΙΘ΢Θ ΣΩΝ 
ΕΚΚΙΝΘΣΩΝ ΢ΣΟ DNA ΤΠΟ΢ΣΡΩΜΑ  

ΘΕΡΜΑΝ΢Θ (72oC) ΓΙΑ ΣΘΝ ΕΝΕΡΓΟΠΟΙΘ΢Θ ΣΘ΢ Taq 
ΠΟΛΤΜΕΡΑ΢Θ΢, ΠΟΤ ΠΟΛΤΜΕΡΙΗΕΙ ΣΟ DNA 

ΕΠΑΝΑΛΘΨΘ 35 ΚΤΚΛΟΙ 



ΑΠΟΔΙΑΣΑΞΘ DNA 
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ΤΒΡΙΔΟΠΟΙΘ΢Θ ΕΚΚΙΝΘΣΩΝ 

 ΕΚΚΙΝΘΣΕ΢ 

  

  

 

 

 

 

Θ Taq ΠΟΛΤΜΕΡΑ΢Θ 
ΑΝΑΓΝΩΡΙΗΕΙ ΣΟ  3’ 
ΑΚΡΟ ΣΟΤ ΕΚΚΙΝΘΣΘ ΚΑΙ 
ΣΘΝ ΜΘΣΡΙΚΘ ΑΛΤ΢ΙΔΑ 

ΟΙ ΕΚΚΙΝΘΣΕ΢ ΤΒΡΙΔΟΠΟΙΟΤΝΣΑΙ ΢ΣΟΤ΢ 52oC 

5’ 

3’ 

3’ 

5’ 

5’ 

3’ 

3’ 
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3’ 5’ 
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3’ 5’ 

 Θ Taq ΠΟΛΤΜΕΡΙΗΕΙ ΢ΣΟΤ΢ 72oC 



Cycle 1 

Cycle 2 

Cycle 3 
ΣΟ ΑΚΡΙΒΕ΢ ΜΕΓΕΘΟ΢ 
ΣΟΤ PCR ΠΡΟΙΟΝΣΟ΢ 
ΚΑΘΟΡΙΗΕΣΑΙ ΢ΣΟΝ 
ΣΡΙΣΟ ΚΤΚΛΟ 





Αλυςιδωτι Αντίδραςθ 
Πολυμεράςθσ (PCR) 

• Βαςίηεται ςτθν 
ιδιότθτα των 
αλυςίδων του DNA  

 α) να αποχωρίηονται 
ςε υψθλι 
κερμοκραςία και να 
επανενϊ νονται ςε 
χαμθλότερθ 
κερμοκραςία και  

 β) να αντιγράφονται 
• Παράγονται 

εκατομμφρια 
αντιγράφων 



Κινητική της αντίδρασης 

της PCR 



Agarose 
Electrophoresis 
 
Place gel in gel box 
 
Pour buffer in box until gel 
wells are covered. 



Place 20ul of samples into 
appropriate wells 

Set up electrophoresis chamber 
by putting top in place and 
connecting it to the power supply 



Gel running 

Agarose 
Electrophoresis 
Running  

Agarose gel sieves DNA 
fragments according 
to size 

 – Small fragments 
 move farther than 
 large fragments 

  
Use a 3% gel to 

separate small 
fragment sizes 





Conventional RT-PCR 
 



RT-PCR and quantitative RT-PCR for studying RNA viruses 
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OVERVIEW 

Tissue, blood 

extract RNA 

copy into cDNA 
(reverse transciptase) 

do real-time PCR or RT-PCR 

analyze results 



What does the term “RT-PCR” stand for? 

Involves two processes: 

RT – Reverse Transcription 

During this step we synthesize single stranded DNA from RNA template 

PCR – Polymerase chain reaction 

Using gene-specific primers we amplify a certain part of our gene of 
interest to get enough amount for further analysis  



cDNA synthesis 





Let’s start! 

 total RNA 

tRNA 
rRNA mRNA 

~ 1% 

• Most of the RNA is unimportant for us (tRNA, rRNA) 
 

• mRNA population consists of about 3-5000 different kind 
 

• Strong secondary structure – enzyme cannot work 

AAAAA 

Only mRNA has a poly-Adenin tail at the 3’ end 

RNA isolation 



Sampling and Template 

Preparation 
 Important to be familiar with general principles of working 

with RNA: 

 Avoid RNAses 

 Always wear gloves when handling reagents or equipment 
that will be used in the RNA extraction and reverse 
transcription procedures 

 RNAse-free water can be commercially purchased or 
nanopure water can be treated with diethyl pyrocarbonate 
(DEPC)  

http://www.promega.com/~/media/files/resources/product%20guides/rna%20analysis%20notebook/workingwithrna.ashx?la=en 

http://www.promega.com/~/media/files/resources/product guides/rna analysis notebook/workingwithrna.ashx?la=en
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IMPORTANCE OF RNA QUALITY 

• Should be free of protein (absorbance 
260nm/280nm) 

• Should be undegraded (28S/18S ~2:1) 

• Should be free of DNA (DNAse treat) 

• Should be free of PCR inhibitors 

– Purification methods 

– Clean-up methods 



RT–PCR at the bench  

 total RNA + 
oligodT 

37 ºC – 1 hour 

anneal + 
elongate 

65ºC – 10 min 

denature 

Add: 

Enzyme 

dNTPs 

RNasin RT 
ready 

RT: 

PCR: 

DNA pol 

dNTPs 

primers 

Buffer 

MgCl2 

95ºC 
3 min 

denature amplify 

95ºC – 30 sec 
55ºC – 30 sec 
72ºC – 1 min 

72ºC 
10 min 

finish 

PCR 
ready 

template 

Gel analysis 

30 cycles 



Real time PCR 











































Antibiotic resistance 
 



Conventional PCR 

Antibiotic resistance 
 



Figure 2 
Disc diffusion method with inhibition zones for some antibiotics against S. aureus. 

Role of Polymerase Chain Reaction (PCR) in the detection of antibiotic-resistant Staphylococcus aureus 

http://dx.doi.org/10.1016/j.ejmhg.2014.05.003 

Figure 1 
S. aureus on LB Agar. 

 

Figure 1 Figure 2 



 Figure 2. Gel electrophoresis shows the nuc gene fragments of S. aureus, M: DNA marker, Sa(1-3): S. aureus. 

 Role of Polymerase Chain Reaction (PCR) in the detection of antibiotic-resistant Staphylococcus aureus 

http://dx.doi.org/10.1016/j.ejmhg.2014.05.003 

Figure 1 Figure 2 

Figure 3 

 Figure 3. Gel electrophoresis shows the 16S rRNA fragments of S. aureus, M: DNA marker, Sa(1-5): S. aureus. 

 Figure 1. Gel electrophoresis shows the gap gene fragments of S. aureus, M: DNA marker, Sa(1-3): S. aureus. 



Real time PCR 

Antibiotic resistance 
Food testing 
Intestinal infections 























The human microbiome as a reservoir of antimicrobial resistance 

• NGS 

Gut Microbiome and antibiotic 
resistance 














