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Molecular Biology and 
Genetics

• Microbiology

• Live vaccines

• Antibiotic resistance

• eDNA

• Population genetics



Bacteria
• The most diverse and abundant life form

• Adapted to use any nutritional source

• Ecosystem services



• Bacteria outnumber human 
cells by 10 to 1

• 5% is considered pathogens

Microbiota



Antibiotics 
Mechanism of 

Action
• Inhibition of Cell wall Synthesis

• Inhibation of Protein Synthesis

• Alteration of Cell Membranes

• Inhibition of Nucleic Acid 
Synthesis







“If we use antibiotics when not needed, 
we may not have them when they are 

most needed”
Dr. Tom Frieden, Former Director U.S. CDC



How Antibiotic Resistance Happens





Horizontal Gene Transfer

• Conjugation

• Transformation

• Transduction

• Gene transfer agents



Conjugation



Transformation





Assesing Presence of ARGs-Sanger
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Assesing Presence of ARGs-NGS



Lactococcosis
• Lactococcus garvieae

• Gram positive

• 20 archival strains from each partner



Primers for 
assessing 

absence/presence 
of ARGs

Antibiotics Gene Tm Primers 
Fragment 

size 
References 

Florfenicol floR 55 
F: 5'-TTATCTCCCTGTCGTTCCAGCG-3' 

R: 5'-CCTATGAGCACACGGGGAGC -3' 
526 

Iwanaga et al. 

(2004) 

Tetracycline 

tetA 56 
F: 5'-GGTTCACTCGAACGACGTCA-3′ 
R: 5'-CTGTCCGACAAGTTGCATGA-3′ 

577 
Randall et al. 

(2004) 
tetB 56 

F: 5'-CCTCAGCTTCTCAACGCGTG-3′ 
R: 5'-GCACCTTGCTGATGACTCTT-3′ 

634 

tetC 62 
F: 5'-GCGGGATATCGTCCATTCCG -3′ 

R: 5'-GCGTAGAGGATCCACAGGACG-3′ 
207 

Lucarelli et al. 
(2010) 

tetG 56 
F: 5'-CCGGTCTTATGGGTGCTCTA-3′ 
R: 5'-CCAGAAGAACGAAGCCAGTC-3′ 

603 

Macrolides 

ErmA 54 
F: 5'- GCGGTAAACCCCTCTGAG-3' 

R: 5'- GCCTGTCGGAATTGG-3' 
434 

Werckenthin 

 and Schwarz 
(2000) 

ErmB 55 
F: 5'-CATTTAACGACGAAACTGGC-3' 

R: 5'- GGAACATCTGTGGTATGGCG-3' 
425 

Jensen et al. 

(1999) 
ErmC 54 

F: 5'- ATCTTTGAAATCGGCTCAGG -3' 
R: 5'- CAAACCCGTATTCCACGATT-3' 

295 

Streptomycin strB 54 
F: 5'-GGCACCCATAAGCGTACGCC-3′ 

R: 5'-TGCCGAGCACGGCGACTACC-3′ 
470 

Dalsgaard et 

al. (1999) 

β-lactamase 
ampicillin 

blaSH

V 
56 

F: 5'-TTATCTCCCTGTTAGCCACC-3′ 

R: 5'-GATTTGCTGATTTCGCTCGG-3′ 
796 

Prabu and 
Menon (2013) 

blaO

XA 
55 

F: 5'-ACCAGATTCAACTTTCAA-3′ 

R: 5'-TCTTGGCTTTTATGCTTG-3′ 
589 

blaTE
M 

56 
F: 5'-ATA AAA TTC TTG AAG AC 

R: 5'-TTA CCA ATG CTT AAT CA-3′ 
1073 

Quinolones 
oxalinic acid 

qnrA 54 
F: 5'-GGGTATGGATATTATTGATAAAG-

3′ 
R: 5'-CTAATCCGGCAGCACTATTTA-3′ 

670 
Mammeri et 
al. (2005) 

Quinolones 

flumequine 
gyrA 54 

F: 5′- TGTCCGAGATGGCCTGAAGC-3′ 

R: 5′-TACCGTCATAGTTATCCACG-3′ 
347 

Griggs et al. 

(1996) 

Capsule 
genes 

6329

F-
7175 

R 

 
F: 5′- AAAAACGGAGGGCAACAAGC 3′ 
R: 5′- CACTTGTACAGGCCACTGGT 3′ 

785 
Ture and 

Altinok (2016) 

5358

F 
6007

R 

 
F: 5′- TGGAGGGTATTGCCTACCGA 3′ 
R: 5′- CCACAGCAGCTTCTTCACCT 3′ 

650 
Ture and 

Altinok (2016) 

 



Presence of antibiotic resistance genes (%) in L. 
garvieae strains

Strains tetA tetB tetC tetG ermA ermB ermC floR strB blaSHV blaOXA blaTEM qnrA gyrA

Italian 0 21.25 13.75 23.75 0 1.25 22.5 0 1.25 0 1.25 2.5 1.25 12.5

Turkish 0 0 0 1.25 0 3.75 0 1.25 18.75 6.25 0 1.25 3.75 1.25

Spainish 2.5 0 18.75 0 2.5 0 1.25 0 3.75 0 3.75 0 5 0

Greek 1.25 0 25 8.75 0 2.5 0 1.25 1.25 0 3.75 3.75 3.75 1.25

Total 3.75 21.25 57.5 33.75 2.5 7.5 23.75 2.5 25 6.25 8.75 7.5 12.5 15



MAR Index

• MAR = a/b

• MAR>0.2 high risk of 
contamination


