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Επιχρωματισμένη φωτογραφία των χρωμοσωμάτων ενός 
άνδρα. Η παρουσίαση των χρωμοσωμάτων 
διατεταγμένων στη σειρά με βάση το μέγεθος τους, 
συνιστά τον καρυότυπο 

 



Νεότεροι οργανισμοί-
μοντέλα στη γενετική. 
Στους νεότερους 
οργανισμούς-μοντέλα 
της γενετικής 
περιλαμβάνονται ο 
νηματώδης σκώληκας 
Caenorhabditis 
elegans, το ψάρι ζέβρα 
Danio rerio και το φυτό 
Arabidopsis thaliana. 



Άτομο D. melanogaster που λόγω μιας 
μεταλλαγής έχει λευκά μάτια (επάνω 
εικόνα) και φυσιολογικό άτομο με 
κόκκινα μάτια (κάτω εικόνα). 



Ηλικία έκφρασης των κυρίων τύπων 
γενετικού νοσήματος 





Η βιοτεχνολογία στη γενετική και στην ιατρική 



Σύγχρονες προσεγγίσεις στην 
κατανόηση της γονιδιακής λειτουργίας 

Ιστορικά, η κατανόηση της λειτουργίας των γονιδίων 
στηρίχθηκε στη μελέτη μεταλλαγών που είτε 
παρατηρούνται στη φύση είτε επάγονταν σκόπιμα (για 
παράδειγμα, με τη χρήση χημικών ουσιών, ακτίνων Χ ή 
υπεριώδους ακτινοβολίας), ώστε να προκύψουν 
τροποποιημένοι φαινότυποι σε οργανισμούς-μοντέλα. Η 
προσέγγιση αυτή αποτελεί την κλασική (classical) ή 
ορθόδοξη γενετική. 

Οι μέθοδοι της κλασικής γενετικής χρησιμοποιούνται 
ακόμα. Ωστόσο, με τη δυνατότητα αλληλούχισης 
ολόκληρου του γονιδιώματος, η οποία αποτελεί σήμερα 
ρουτίνα, οι μοριακές τεχνικές που χρησιμοποιούνται στη 
γενετική έρευνα για την κατανόηση της λειτουργίας των 
γονιδίων, έχουν αλλάξει σημαντικά. 



Τις τελευταίες δεκαετίες οι γενετιστές ακολουθούν συχνά την προσέγγιση της αντίστροφης 
γενετικής (reverse genetics) η οποία καθιστά δυνατό τον προσδιορσμό του ρόλου και της 
λειτουργίας ενός γονιδίου, υπό την προϋπόθεση ότι είναι γνωστή η νουκλεοτιδική του 
αλληλουχία.  

Στις περιπτώσεις αυτές χρησιμοποιείται μια τεχνική της μοριακής βιολογίας που ονομάζεται νοκ 
άουτ γονιδίου (gene knockout), μέσω της οποίας το υπό μελέτη γονίδιο καθίσταται μη 
λειτουργικό σε καλλιεργούμενα κύτταρα ή σε έναν οργανισμό. Έτσι οι επιστήμονες μπορούν να 
διερευνήσουν τη θεμελιώδη ερώτηση ≪Τι συμβαίνει όταν αυτό το γονίδιο αδρανοποιείται;≫. 

Littermates were injected with either a control virus (right) or a virus that knocked out O-GlcNAcTransferase 
(OGT) (left) in a subpopulation of cells in the hypothalamus in the brain. The OGT knockout made the mouse eat 
twice as much as its sibling. This photo was taken about five weeks after virus injection. 



Οι γενετικές μελέτες βασίζονται 
στη χρήση οργανισμών-μοντέλων 

Ο νηματώδης σκώληκας Caenorhabditis elegans 
επιλέχθηκε για τη μελέτη της ανάπτυξης και της 

λειτουργίας του νευρικού συστήματος επειδή το νευρικό 
του σύστημα αποτελείται από λίγες μόνο εκατοντάδες 

κύτταρα και το αναπτυξιακό πεπρωμένο (developmental 
fate) αυτών των νευρικών κυττάρων (όπως και όλων των 
κυττάρων στο σώμα του σκώληκα) έχει χαρτογραφηθεί.  

Το ψάρι ζέβρα, Danio rerio, χρησιμοποιείται για τη μελέτη 
της ανάπτυξης των σπονδυλωτών επειδή έχει μικρό 

μέγεθος, αναπαράγεται ταχύτατα και τα ωάρια, το έμβρυο 
και οι προνύμφες του είναι διαφανείς, γεγονός που 

επιτρέπει την άμεση παρατήρησή τους.  

Η Arabidopsis thaliana, ένα μικρό φυτό με σύντομο 
κύκλο ζωής, επιλέχθηκε ως οργανισμός-μοντέλο για τη 

μελέτη πολλών θεμάτων της βιολογίας των φυτών. 



Οργανισμοί-μοντέλα και ανθρώπινες ασθένειες 

Η ιδέα να μελετήσουμε μια ανθρώπινη ασθένεια, για παράδειγμα τον καρκίνο του παχέος εντέρου, χρησιμοποιώντας 
την E. coli μπορεί να φαίνεται παράδοξη. 

Ωστόσο, τα βασικά στάδια στο μηχανισμό επιδιόρθωσης του DNA (ο οποίος παρουσιάζει βλάβες σε κάποιους τύπους 
καρκίνου του παχέος εντέρου) είναι τα ίδια και στους δύο οργανισμούς. Επίσης, συναντάται και στους δύο 
οργανισμούς ένα γονίδιο που εμπλέκεται σε αυτό το μηχανισμό, το οποίο ονομάζεται mutL στην E. coli και MLH1 
στους ανθρώπους. 

Τα δεδομένα που προέκυψαν από την αλληλούχιση του ανθρώπινου γονιδιώματος έχουν δείξει ότι για παράδειγμα, 
τα γονίδια που εμπλέκονται σε μια πολύπλοκη ανθρώπινη ασθένεια του αμφιβληστροειδούς χιτώνα του ματιού, τη 
μελαγχρωματική αμφιβληστροειδοπάθεια, εμφανίζουν μεγάλη ομοιότητα με γονίδια της Drosophila, μεταλλαγές στα 
οποία προκαλούν την εκφύλιση του αμφιβληστροειδούς. 



Human genome 
 

 The human genome is the complete set of nucleic acid sequence for humans 
(Homo sapiens), encoded as DNA within the 23 chromosome pairs in cell nuclei 
and in a small DNA molecule found within individual mitochondria.  

 Human genomes include both protein-coding DNA genes and noncoding DNA. 
Haploid human genomes, which are contained in germ cells (the egg and sperm 
gamete cells created in the meiosis phase of sexual reproduction before 
fertilization creates a zygote) consist of three billion DNA base pairs, while diploid 
genomes (found in somatic cells) have twice the DNA content.  

 While there are significant differences among the genomes of human individuals 
(on the order of 0.5%), these are considerably smaller than the differences 
between humans and their closest living relatives, the chimpanzees 
(approximately 4%) and bonobos. Humans share 50% of their DNA with bananas 





 

 

Η αποκωδικοποίηση του ανθρώπινου 
γονιδιώματος ήταν απλά η αρχή  

Nature v. 409 Feb. 15, 2001 and Science v. 291, Feb. 16, 2001 



 Recent results suggest that most of the vast quantities of noncoding DNA within the genome have 
associated biochemical activities, including regulation of gene expression, organization of 
chromosome architecture, and signals controlling epigenetic inheritance. 
 

 There are an estimated 20,000-25,000 human protein-coding genes. The estimate of the number of 
human genes has been repeatedly revised down from initial predictions of 100,000 or more as 
genome sequence quality and gene finding methods have improved, and could continue to drop 
further. 
 

 Protein-coding sequences account for only a very small fraction of the genome (approximately 1.5%), 
and the rest is associated with non-coding RNA molecules, regulatory DNA sequences, LINEs, SINEs, 
introns, and sequences for which as yet no function has been elucidated. 
 

 Numerous classes of noncoding DNA have been identified, including genes for noncoding RNA (e.g. 
tRNA and rRNA), pseudogenes, introns, untranslated regions of mRNA, regulatory DNA sequences, 
repetitive DNA sequences, and sequences related to mobile genetic elements. 













1000 genomes project 

 Recent improvements in sequencing technology ("next-gen" sequencing platforms) 
have sharply reduced the cost of sequencing. The 1000 Genomes Project is the first 
project to sequence the genomes of a large number of people, to provide a 
comprehensive resource on human genetic variation. 

 The goal of the 1000 Genomes Project is to find most genetic variants that have 
frequencies of at least 1% in the populations studied.  

 This goal can be attained by sequencing many individuals lightly. To sequence a 
person's genome, many copies of the DNA are broken into short pieces and each 
piece is sequenced.  

 The many copies of DNA mean that the DNA pieces are more-or-less randomly 
distributed across the genome. The pieces are then aligned to the reference sequence 
and joined together.  



 To find the complete genomic sequence of 
one person with current sequencing 
platforms requires sequencing that person's 
DNA the equivalent of about 28 times 
(called 28X). 

 Combining the data from 2500 samples 
should allow highly accurate estimation 
(imputation) of the variants and genotypes 
for each sample that were not seen directly 
by the light sequencing. 







What we know 

Despite the yield of recent genome-wide 
association (GWA) studies, the identified 
variants explain only a small proportion of 
the heritability of most complex diseases. 
This unexplained heritability could be partly 
due to gene–environment (G×E) 
interactions or more complex pathways 
involving multiple genes and exposures. 





Why to study 

G×E interactions are worth studying for many reasons. If some of the unexplained heritability in 
genome-wide association studies (GWA studies) is due to interactions then — rather than 
discovering interactions per se — one goal might be to use interactions to discover novel genes 
that act synergistically with other factors without having demonstrable marginal effects 

The failure to replicate the findings of GWA studies is another goal, as it could provide 
insights into disease complexity by identifying sources of real heterogeneity 

Taking account of G×E interactions in risk prediction models can have important 
implications for both public health and personalized medicine 



Queries to deal with 

Exposure assessment. Many environmental factors are multidimensional. Most  
environmental agents have degrees of exposure intensity that usually vary over 
time. Even if an exposure is not time-dependent, the resulting disease risk is 
likely to be modified by temporal factors, such as age at exposure or duration of 
exposure 

Sample size and power. Sample-size requirements for G×E studies can be 
enormous. A useful rule of thumb is that the detection of an interaction 
requires a sample size at least four times larger than that required for the 
detection of a main effect of comparable magnitude 

Heterogeneity and replication. When comparing studies that use different 
exposure-assessment tools 











HEALTHY AGING OR frailty 



While there are rare genetic 
causes of extreme obesity, the 
strongest common genetic 
contributor discovered so far is a 
variant found in an intron of the 
FTO gene. Variations in this 
untranslated region of the gene 
have been tied to differences in 
body mass and a risk of obesity. 
For the one in six people of 
European descent born with two 
copies of the risk variant, the 
consequence is carrying around 
an average of an extra 7 pounds. 

Now, NIH-funded researchers reporting in The 
New England Journal of Medicine [3] have 
figured out how this gene influences body 
weight. The answer is not, as many had 
suspected, in regions of the brain that control 
appetite, but in the progenitor cells that 
produce white and beige fat. The researchers 
found that the risk variant is part of a larger 
genetic circuit that determines whether our 
bodies burn or store fat. 



Mild cold exposure forms beige fat and brown fat 



Microbiota 

 The human body is 
home to a complex 
microbial ecosystem. 
The gastrointestinal 
tract houses the most 
numerous microbial 
community (the gut 
microbiota),consisting 
of approximately 1013 

microbial cells 



 The composition of the microbiota can shape a healthy immune response or predispose to 
disease.  

 Many factors can contribute to dysbiosis, including host genetics, lifestyle, exposure to 
microorganisms and medical practices.  

 Host genetics can potentially influence dysbiosis in many ways. An individual with mutations in 
genes involved in immune regulatory mechanisms or pro-inflammatory pathways could lead to 
unrestrained inflammation in the intestine. It is possible that inflammation alone influences the 
composition of the microbiota, skewing it in favour of pathobionts. 

 Alternatively, a host could 'select' or exclude the colonization of particular organisms. This 
selection can be either active (as would be the case of an organism recognizing a particular 
receptor on the host) or passive (the host environment is more conducive to fostering the growth 
of select organisms). 



 Collectively, the aggregate genomes of the gut microbiota encode more than 100 times as many 

unique genes as the approximately 20,000 protein-coding genes found in the human genome 

and nearly 20,000 gene families 

 Owing to its diversity of enzymatic activities, the gut microbiome can metabolize many 

compounds in ways that humans cannot. 

 The gut microbiome can convert inactive therapeutics and dietary bioactives into their useful 

forms. 

 The active compounds — including caffeic acid, ferulic acid, and p-coumaric acid — are 

commonly present as ester conjugates in plants.  

 Humans depend on the gut microbiome for the cinnamoyl esterases required to cleave these 

ester linkages 



An HFD promotes 
tumour progression 
in the small intestine 

of genetically 
susceptible, K-

rasG12Dint, mice 
independently of 

obesity.  

The transfer of faecal 
samples from HFD-

fed mice with 
intestinal tumours to 

healthy adult K-
rasG12Dint mice was 
sufficient to transmit 

disease in the 
absence of an HFD.  

Furthermore, 
treatment with 

antibiotics 
completely 

blockedHFD-induced 
tumour progression, 

suggesting that 
distinct shifts inthe 
microbiota have a 

pivotal role in 
aggravating disease. 




