
Nucleic acid: 
DNA, RNA

Il termine acidi nucleici raggruppa due diversi tipi di macromolecole

Entrambe sono polimeri lineari di molecole più semplici chiamate nucleotidi, e 
sono

• Acido desossiribonucleico, i.e. DNA

• Acido ribonucleico, i.e. RNA



Nucleotides: the building blocks of nucleic 
Only 4 types of nucleotides constitutes DNA or RNA

A: Pentose sugar
B: Organic base
C: Phosphate group

Typical structure

Let’s build up a nucleotide!



C1: binds the nitrogenous base
C5:binds the phosphate group
C3: binds the phosphate group of the 
subsequent nucleotide

…Let’s build up a nucleotide!



Nucleosides: pentose sugar + nitrogenous base
• Ribonucleoside
• Deoxy-ribonucleoside



the Nitrogenous bases

DNA-specific RNA-specific

Only 4 letters constitute the alphabet of genetic information! 



Nucleoside vs nucleotide
• Ribonucleotide
• Deoxy-ribonucleotide



Examples and 
nomenclature 
of nucleotides



Main roles 
of 
nucleotides

Monomers of nucleic 
acids

Provide energy for 
cellular processes

Messengers for signal 
transduction



Nucleotides as energy deposit
• The chemical bond between phosphates (P-O-P) is the 

major source of energy in the cell
• When needed ATP and GTP are dephosphorylated, with 

release of energy 
• Same reactions can occur in opposite direction when 

energy storage is required



Nucleotidi trifosforilati come deposito energia chimica

Questi processi energetici vengono fondamentalmente utilizzati per due scopi 
principali:

• Glicolisi – degradazione anaerobica del glucosio nel citoplasma

• Respirazione cellulare – nei mitocondri

Nucleotides as energy deposit
The catabolism of glucose in the cell produces chemical energy that is stored in the form of ATP or GTP



Nucleotides as signaling 
molecules

• In response to external 
signalling, nucleotides such as 
ATP or GTP are made cyclic and 
in this shape can activate or 
deactivate cellular processes



1953:the discovery of DNA structure

The proposed double-helix model revealed:
- That the genetic information is hidden in 

the sequences of the nitrogenous bases
- The modality through which DNA can 

self-replicate in daughter cells and thus 
the way the genetic information could be 
inherited among generations 

1962: Nobel prize was assigned to Crick, Watson, Wilkins



The structure of DNA
Deoxyribonucleic acid (DNA) is made of two complementary chains of Deoxyribonucleotides. 



The phosphodiester bond in a polynucleotide 
chain: The Chemical C

Figure 2-10. A short length of deoxyribonucleic acid (DNA), showing four nucleotides. One of the 
phosphodiester bonds that link adjacent nucleotides is shaded yellow, and one of the nucleotides 
is enclosed in a gray box.DNA and its close relative RNA are the nucleic acids of the cell 

Table 2-1. The Approximate Chemical Composition of a Bacterial Cell 

  

file:///H|/albert/paginas/the_chemical_c.htm (15 of 23) [29/05/2003 04:53:24 a.m.]

• One molecule of phosphoric acid bridges C3 
of one nucleotide and C5 of the other.

• Polynucleotide chain grow ALWAYS from 5’ to 
3’ direction



The two strands are held together by 
bonds between the bases;, according 
to base pairing rules (A with T and C 
with G), with hydrogen bonds to make 
double-stranded DNA. The sequence 
of the bases along the backbones 
serves as instructions for assembling 
protein and RNA molecules.

How is the double helix formed?

The DNA molecule consists of two strands that 
wind around one another to form a shape 
known as a double helix. Each strand has a 
backbone made of alternating sugar 
(deoxyribose) and phosphate groups. 
Attached to each sugar is one of four bases--
adenine (A), cytosine (C), guanine (G), and 
thymine (T). 

https://en.wikipedia.org/wiki/Base_pair
https://en.wikipedia.org/wiki/Hydrogen_bond


Nitrogenous 
bases interact 

with each other 
complementarily



The structure of DNA
The chains coil around each other to form a double helix, with constant diameter and a major 
and minor grooves.

Properties of DNA:
The two strands of DNA run in opposite directions to each 
other and are thus antiparallel.
The two strands are complementary to each other, one 
strand predicts the other
The double helix id hydrophilic (and acidic) on the surface, 
while hydrophobic internally

The sequence of the bases along the backbones serves as 
instructions for assembling protein and RNA molecules

At actual size, a human cell's DNA totals about 3 meters in length!!

https://en.wikipedia.org/wiki/Antiparallel_(biochemistry)


DNA is organized into chromatin in eukaryotic cells
Chromatin primary function is to package long DNA molecules into more compact, denser structures. This prevents 
the strands from becoming tangled and also plays important roles in regulating gene expression and DNA replication.

https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/DNA_replication


Eukaryotic cells contain a 
nucleus

IN Eukaryotic cells, DNA is 
long and supercoiled 
around histone proteins  to 
form chromatin. 
In Prokaryotic cells, DNA is 
short, in a linear circular 
molecule, directly in 
cytoplasm and with no 
chromatin



Chromatin is contained in cell nucleus



The primary protein components of chromatin are histone proteins.

histones are highly basic proteins abundant 
in lysine and arginine residues that act as spools around 
which DNA winds to create structural units 
called nucleosomes.

https://en.wikipedia.org/wiki/Histone
https://en.wikipedia.org/wiki/Base_(chemistry)
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Lysine
https://en.wikipedia.org/wiki/Arginine
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Nucleosome


Chromatine is a dynamic structure
In general, there are three levels of chromatin organization:
1.DNA wraps around histone proteins, forming nucleosomes and the so-called beads on a 
string structure (euchromatin).
2.Multiple histones wrap into a 30-nanometer fiber consisting of nucleosome arrays in their most 
compact form (heterochromatin).
3.Higher-level DNA supercoiling of the 30-nm fiber produces the metaphase chromosome (during cell 
division).

Euchromatin Heterochromatin Chromosome

https://en.wikipedia.org/wiki/Nucleosome
https://en.wikipedia.org/wiki/Beads_on_a_string
https://en.wikipedia.org/wiki/Beads_on_a_string
https://en.wikipedia.org/wiki/Euchromatin
https://en.wikipedia.org/wiki/Nanometer
https://en.wikipedia.org/wiki/Heterochromatin
https://en.wikipedia.org/wiki/DNA_supercoiling
https://en.wikipedia.org/wiki/Metaphase


During the life of the cell (Between two cells 
division – Interphase), DNA is structured in 
euchromatin (active) and heterochromatin 
(silent)

Chromatin remodeling mechanisms change the  
conformation from Eu- to Hetero-chromatin and viceversa



Histone modifications (Acetylation, 
methylation, phosphorylation) can 
reduce the electrical attraction 
between positively charged histones 
and negatively charged DNA. 

The role of histone modifications in chromatin remodeling



Chromosomes

During cell division chromatin DNA organizes in dense structures 
called chromosomes. Each chromosome is one DNA molecule. In humans 
there are 46 chromosomes in each cell (23 couples). The entire 
chromosome set is defined Karyotype.

https://en.wikipedia.org/wiki/Chromosome


Telomers as measure of aging

Telomers are region 
of repetitive 
nucleotide 
sequences at the 
ends of linear 
chromosomes. They 
protect the terminal 
regions of 
chromosomal DNA 
from progressive 
degradation 



Telomer length predicts the risk for mental disease in early traumatized 
individuals

Childhood Trauma Associated with Short Leukocyte
Telomere Length in Posttraumatic Stress Disorder
Aoife O’Donovan, Elissa Epel, Jue Lin, Owen Wolkowitz, Beth Cohen, Shira Maguen, Thomas Metzler,
Maryann Lenoci, Elizabeth Blackburn, and Thomas C. Neylan

Background: Posttraumatic stress disorder (PTSD) is associated with increased risk for age-related diseases and early mortality. An
accelerated rate of biological aging could contribute to this increased risk. To investigate, we assessed leukocyte telomere length (LTL), an
emerging marker of biological age, in men and women with and without PTSD. We also examined childhood trauma, a risk factor for both
PTSD and short LTL, as a potential contributor to short LTL in PTSD.

Methods: Participants included 43 adults with chronic PTSD (n ! 18 with multiple categories of childhood trauma) and 47 control subjects
(none with multiple categories of childhood trauma) (mean age ! 30.55, SD ! 7.44). Exclusion criteria included physical illness, medication
use, obesity, alcohol or substance abuse, and pregnancy. Structured clinical interviews were conducted to assess PTSD and other psychiatric
disorders and childhood trauma exposure. LTL was measured with a quantitative polymerase chain reaction method.

Results: As predicted, participants with PTSD had shorter age-adjusted LTL than control subjects. Exposure to childhood trauma was also
associated with short LTL. In fact, childhood trauma seemed to account for the PTSD group difference in LTL; only participants with PTSD and
exposure to multiple categories of childhood trauma had significantly shorter LTL than control subjects.

Conclusions: Childhood trauma is associated with short LTL in individuals with PTSD. Chronic exposure to the psychobiological sequelae
of childhood trauma could increase risk for PTSD and short LTL. Thus, the lasting psychological impact of exposure to trauma in childhood
might be accompanied by equally enduring changes at the molecular level.
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P ost-traumatic stress disorder (PTSD) is an anxiety disorder
that develops in a minority of individuals after exposure to
traumatic stress (1). Accumulating evidence indicates that

PTSD substantially increases risk for age-related diseases, such as
cardiovascular, autoimmune, and neurodegenerative diseases, and
early mortality (2– 6). However, the biological mechanisms mediat-
ing these associations remain unclear. Accelerated biological aging
is a potential mechanism of such increased risk, and PTSD is associ-
ated with dysregulation of bodily systems that have been linked
with biological aging (7,8). However, to our knowledge, there are no
studies examining indices of biological aging in PTSD.

Leukocyte telomere length (LTL) is an emerging marker of bio-
logical age that predicts incidence of age-related diseases and mor-
tality (9 –12). Factors associated with shorter LTL include higher
body mass index (BMI), cigarette smoking, and male gender (13–
15). Exposure to chronic psychological stress and affective disor-
ders have also been associated with short LTL (16 –18). Repeated
and prolonged activation of the biological stress response is a po-
tential contributor to an accelerated rate of leukocyte telomere
shortening in chronically stressed individuals. As evidence, shorter
LTL has been observed in individuals who have higher nocturnal
levels of the stress hormones cortisol and catecholamines (19,20).
Furthermore, anxiety- and depression-related elevations in inflam-

matory activity might promote telomere shortening by increasing
cell turnover and promoting the release of reactive oxygen species
that damage telomeric DNA via oxidative stress (7,21,22). Individu-
als with PTSD, who demonstrate dysregulation of the hypothalam-
ic-pituitary-adrenal axis, increased sympathetic nervous system ac-
tivation, and elevated inflammatory activity (8,23–25), might also
be susceptible to accelerated shortening of LTL.

Childhood trauma is a significant risk factor for the development
of PTSD later in life (26,27) and is also associated with short LTL in
some but not all studies of all adult samples (28 –30). These conse-
quences of childhood trauma might be due to early life experiences
shaping later life biological stress responses (31,32). Individuals
who experience childhood trauma have elevated neuroendocrine
and immune system responses to stress, glucocorticoid resistance,
and reduced hippocampal volume compared with those who do
not experience childhood trauma (33,34). Many of these biological
factors confer increased risk for developing PTSD after exposure to
trauma (35). Insofar as childhood trauma leads to exaggerated and
prolonged biological stress responses, childhood trauma might
also increase risk for short LTL in adulthood. Thus, it is possible that
childhood trauma might play a role in any observed association
between PTSD and LTL.

In the present study, we examined LTL in individuals with PTSD
with and without exposure to multiple categories of childhood
trauma and in control participants, hypothesizing that: 1) the PTSD
group overall would have shorter LTL than control subjects; 2)
across the sample, childhood trauma would be related to shorter
LTL; and 3) participants with PTSD would have greater childhood
trauma exposure, which could account for any observations of
short LTL in PTSD.

Methods and Materials

Design and Sample
The present study has a cross-sectional, 2 " 2 design (PTSD/

control " male/female) with medically healthy, medication-free
subjects. Participants were recruited through ads and flyers distrib-
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quent analyses on the effect of childhood trauma on LTL within
participants with PTSD.

Cumulative childhood trauma exposure was even more strongly
associated with shortening LTL in the subsample including only
participants with PTSD (r ! ".42, p ! .003). Participants with PTSD
who endorsed experiences of multiple childhood traumas (n ! 18)
versus one or no categories of childhood trauma (n ! 23) were not
significantly different in gender, BMI, years of education, or PTSD
severity. However, results indicated that participants with PTSD
who had experienced multiple childhood traumas (mean TL !
6480.45, SD ! 107.80) had significantly shorter LTL than those who
had experienced one category of childhood trauma or none (mean
TL ! 6727.88, SD ! 94.94), exhibiting LTL on average 247 bp shorter
[F (1,38) ! 2.86, p ! .04, partial #2 ! .07].

We then examined the relative contribution of participants with
PTSD and childhood trauma to the observed association between
PTSD and LTL. Results indicated that only participants with PTSD
and more than one type of childhood trauma had significantly
shorter LTL than control subjects. Specifically, participants with
PTSD and more than one category of childhood trauma had LTL 316
bp shorter than control subjects [F (1,61) ! 4.07, p ! .02, partial
#2 ! .06], whereas participants with PTSD and one or no categories
of childhood trauma were not significantly different from control
subjects on LTL [F (1,66) ! .41, p ! ns]. Furthermore, the group
difference in LTL between participants with PTSD and control sub-
jects was no longer significant when controlling for childhood
trauma. Overall, these results indicated that only participants with
the combination of PTSD and childhood trauma were significantly
different from control participants in LTL and that these partici-
pants accounted for the observed group difference in LTL between
participants with PTSD and control subjects.

Discussion

The present data demonstrate that young to middle-aged
adults with PTSD have shorter LTL than nonpsychiatric control per-
sons, even in the absence of chronic physical illness. This finding
extends a small but growing body of literature showing short LTL in
individuals experiencing chronic psychological stress (17,18) or
psychiatric illness (16,42). However, our data additionally indicated

that only participants with PTSD who had been exposed to multiple
types of childhood trauma had significantly shorter LTL than con-
trol subjects, indicating that childhood trauma might have ac-
counted for the observed finding of short LTL in PTSD. Moreover,
our data indicated that exposure to multiple categories of child-
hood trauma might have a cumulative effect on LTL, because num-
ber of categories of trauma exposure was linearly associated with
shortening LTL across the entire sample and within the group of
participants with PTSD. These findings of short LTL in association
with childhood trauma add to a growing literature showing short
LTL in individuals exposed to traumatic events in childhood (29,30).
Our results are particularly compelling in light of the relatively
young age and good physical health of our sample.

Our primary finding was that individuals with PTSD and multiple
categories of childhood trauma had significantly shorter LTL than
both control subjects and participants with PTSD who had none or
one category of childhood trauma. Childhood trauma and PTSD
could exert separate and combined effects on the rate of telomere
shortening through biological and behavioral pathways. First, both
childhood trauma and PTSD are associated with exaggerated reac-
tivity to negative stimuli and events, which might lead to repeated
and prolonged activation of the biological stress response (43– 45).
Products of the biological stress response, in turn, have been caus-
ally linked with leukocyte telomere shortening. High levels of stress
hormones including cortisol and catecholamines indexing activa-
tion of the hypothalamic-pituitary-adrenal axis and sympathetic
nervous system, respectively, have been associated with short LTL
(8,19,20,23–25). Stress-related elevations in inflammatory activity
might also promote leukocyte telomere shortening in individuals
with PTSD and childhood trauma (8,21,46,47). Second, individuals
with PTSD or childhood trauma exposure might be less likely to
engage in the kinds of behaviors—such as maintaining a healthy
weight, exercising regularly, and not smoking—that could protect
against the negative effects of psychological stress on TL (48 –52).
Although smoking and obesity, two major risk factors for short LTL,
did not seem to contribute to our findings, other behavioral factors
such as exercise and diet remain plausible as mediators of the
relationship between PTSD and childhood trauma and LTL.

A particularly striking finding from our study is that childhood
trauma was linearly associated with shorter LTL across the full sam-
ple and in the subsample with PTSD, indicating an additive effect of
childhood trauma on LTL. Previous research has shown that cumu-

Figure 1. Dot plot illustrating age-adjusted leukocyte telomere length (LTL)
in participants with post-traumatic stress disorder (PTSD) and control sub-
jects. Participants with PTSD had significantly shorter age-adjusted LTL than
control participants [F(1,85) ! 3.29, #2 ! .04, p ! .03].

Figure 2. Cumulative exposure to traumatic events in childhood is associ-
ated with short LTL. Age-adjusted LTL tended to decrease across partici-
pants exposed to more categories of childhood trauma, controlling for
gender (rpartial ! ".27, p ! .005). Notably, however, all participants exposed
to two or more categories of childhood trauma had a diagnosis of PTSD.
Abbreviations as in Figure 1.
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a b s t r a c t

Studies examining the association between early adversity and longitudinal changes in telomere length
within the same individual are rare, yet are likely to provide novel insight into the subsequent lasting
effects of negative early experiences. We sought to examine the association between institutional care
history and telomere shortening longitudinally across middle childhood and into adolescence. Buccal
DNAwas collected 2–4 times, between the ages of 6 and 15 years, in 79 children enrolled in the Bucharest
Early Intervention Project (BEIP), a longitudinal study exploring the impact of early institutional rearing
on child health and development. Children with a history of early institutional care (n¼50) demon-
strated significantly greater telomere shortening across middle childhood and adolescence compared to
never institutionalized children (n¼29). Among children with a history of institutional care, randomi-
zation to high quality foster care was not associated with differential telomere attrition across devel-
opment. Cross-sectional analysis of children randomized to the care as usual group indicated shorter
telomere length was associated with greater percent of the child’s life spent in institutional care up to age
8. These results suggest that early adverse care from severe psychosocial deprivation may be embedded
at the molecular genetic level through accelerated telomere shortening.

& 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Telomeres, found at the end of chromosomes, comprise re-
petitive DNA sequences, proteins, and non-coding RNAs that are
conserved across evolution, found in organisms from yeast to
humans. In addition to their role in cellular senescence and
apoptosis, telomeres also serve as global epigenetic regulators,
sensitive to cellular and physiological stressors (Ye et al., 2014).
Telomere length (TL) has been proposed as a biological mediator
between negative early experiences and later psychopathology
and poor health (Blaze et al., 2015). Shorter TL has been associated
with environmental stress exposure (e.g., neighborhood-level so-
cial environmental risk and prenatal tobacco exposure; Theall
et al., 2013a, 2013b) and poor caregiving environments for the
child (e.g., physical maltreatment, institutional care, poverty;
Drury et al., 2012; Mitchell et al., 2014). High quality parental care
may buffer the negative impact of adversity on TL (Asok et al.,

2013; Enokido et al., 2014). In adults and adolescents, decreased TL
has also been associated with cardiovascular disease (Saliques
et al., 2010), diabetes (Willeit et al., 2014), and obesity (Müezzinler
et al., 2014), all negative health outcomes linked with experiences
of early adversity. Collectively, these findings suggest that TL may
link early adversity to negative health outcomes, foreshadow in-
creased health risk, and have salience across the life course.

Though there is mounting evidence that early adversity is as-
sociated with TL measured at a single time point, measuring TL
trajectory over time may be a more meaningful metric for asses-
sing cellular aging (Chen et al., 2011). A growing, but to date
limited, number of studies have examined TL longitudinally. In
adult women, greater telomere shortening was found among
those who experienced a major life stressor during a one year
follow-up period, suggesting a proximal link between stress and
changes in TL (Puterman et al., 2015). Even fewer studies of the
change in TL in children exist, and only one examined telomere
shortening in children in relation to stress. In this study, Shalev
et al. (2012) found greater TL attrition between ages 5 and 10 years
in children who experienced maltreatment during that time per-
iod. While this study provides an important extension of cross-
sectional results, additional longitudinal studies are needed.
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Telomere length is associated with
childhood trauma in patients with severe
mental disorders
Monica Aas1, Torbjørn Elvsåshagen1,2, Lars T. Westlye 1,3, Tobias Kaufmann1, Lavinia Athanasiu1, Srdjan Djurovic 4,5,
Ingrid Melle1, Dennis van der Meer1, Carmen Martin-Ruiz6, Nils Eiel Steen1, Ingrid Agartz1,7,8 and Ole A. Andreassen 1

Abstract
Reduced telomere length (TL) and structural brain abnormalities have been reported in patients with schizophrenia
(SZ) and bipolar disorder (BD). Childhood traumatic events are more frequent in SZ and BD than in healthy individuals
(HC), and based on recent findings in healthy individuals could represent one important factor for TL and brain
aberrations in patients. The study comprised 1024 individuals (SZ [n= 373]; BD [n= 249] and HC [n= 402]). TL was
measured by quantitative polymerase chain reaction (qPCR), and childhood trauma was assessed using the Childhood
Trauma Questionnaire (CTQ). Diagnosis was obtained by the Structured Clinical Interview (SCID) for the diagnostic and
statistical manual of mental disorders-IV (DSM-IV). FreeSurfer was used to obtain regional and global brain volumes
from T1-weighted magnetic resonance imaging (MRI) brain scans. All analyses were adjusted for current age and sex.
Patients had on average shorter TL (F= 7.87, p= 0.005, Cohen’s d= 0.17) and reported more childhood trauma
experiences than HC (χ2= 148.9, p < 0.001). Patients with a history of childhood sexual, physical or emotional abuse
had shorter TL relative to HC and to patients without a history of childhood abuse (F= 6.93, p= 0.006, Cohen’s d=
0.16). After adjusting for childhood abuse, no difference in TL was observed between patients and HC (p= 0.12). There
was no statistically significant difference in reported childhood abuse exposure or TL between SZ and BD. Our analyses
revealed no significant associations between TL and clinical characteristics or brain morphometry. We demonstrate
shorter TL in SZ and BD compared with HC and showed that TL is sensitive to childhood trauma experiences. Further
studies are needed to identify the biological mechanisms of this relationship.

Introduction
Telomeres are DNA–protein structures at the tails of

chromosomes that shorten with increasing age in most
human tissues.1–3 Human telomeres are composed of
tandem repeats of the TTAGGG sequence and average
between 6 and 12 kilobases (kb) in length.1,3 When telo-
meres become critically short, the risk of apoptosis is
increased, and proliferation is arrested, which eventually

compromises tissue renewal capacity and function.4–6

Telomere length (TL) may, therefore, represent a ‘mole-
cular clock’ that contributes to aging.2,7 Studies report
shorter age-adjusted TL in schizophrenia (SZ),8 bipolar
disorders (BD),9 and in individuals at high risk for psy-
chosis.10 It has been proposed that the shorter the age-
adjusted TL, the more severe the illness, suggesting its
potential application for clinical staging and identification
of treatment needs.11 However, the strength of effect
remains unclear as one recent study even failed to repli-
cate the finding of shorter TL in SZ.12 Furthermore, the
knowledge is scarce about the biological sources of
potentially reduced TL in SZ/BD, and as discussed in the
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Results
Sample characteristics
Sociodemographic and clinical characteristics of the

total sample (n= 1024) divided into diagnostic groups
(BD, SZ) and HC are shown in Table 1. There were sig-
nificantly more females in the BD group, compared with
SZ or HC. Moreover, SZ were significantly younger than
BD and HC. Across groups, 521 patients (84%) were
taking regular current antipsychotic medication, 163
(26%) current mood stabilisers and 181 (29%) anti-
depressant medication. HC reported less childhood mal-
treatment (CTQ total score) compared with SZ and BD
(X2= 148.9, p < 0.001). Post hoc Bonferroni corrected
analyses revealed no difference in reports of childhood
maltreatment between the patient groups (SZ vs. BD). In
the total sample, females were more likely to report at
least one type of childhood abuse reaching levels of
moderate- to-severe abuse by Bernstein et al.28 In total,
28% of all females included in the study reported child-
hood abuse, compared with 19% of males (X2= 10.40, p
= 0.001), see Supplementary Material Table S2.

TL in patients and HC
Patients (mean ± SD, 1.12 ± 0.27) had significantly

shorter TL than the HC (mean ± SD 1.16 ± 0.20, F= 7.87,
DF= 1, p= 0.005, Cohen’s d= 0.17). Post hoc tests
revealed that TL was not significantly different in BD
(mean ± SD, 1.13 ± 0.28) compared with SZ (mean ± SD,
1.11 ± 0.26, F= 0.68, p= 0.41). Within the patients, there
was no association between TL and number of psychotic
or mood episodes, duration of illness, GAF or PANSS (p
> 0.1, see Supplementary Material Table S2). No sig-
nificant association was observed between current medi-
cation use (antipsychotic, mood stabilisers or
antidepressants) and TL (p > 0.1).

TL and childhood abuse
Pairwise comparisons revealed a significant difference in

TL between patients with childhood abuse (mean ± SD
1.099 ± 0.26) compared with HC (F= 12.62, p= 0.003,
Cohen’s d= 0.26, see Fig. 1), with no difference in TL
between patients without childhood abuse (mean ± SD
1.13 ± 0.27) and HC (F= 3.73, p= 0.13, Cohen’s d=
0.11). Patients with a history of childhood abuse had
shorter TL relative to HC and to patients without a his-
tory of childhood abuse (F= 6.93, p= 0.006, Cohen’s d=
0.16). After adjusting for childhood abuse, no statistical
significant difference in TL between patients and HC was
observed (F= 2.19, p= 0.12). Dividing into subtypes of
trauma, only emotional abuse was statistical significantly
associated with TL (see Supplementary Material Table 3).

Table 1 Demographics of the sample

SZ BD HC Statistics Post hoc analyses

Age, mean ± SD 29.1 ± 9.3 31.8 ± 11.3 31.4 ± 7.6 F= 8.39, p < 0.001 SZ < BD, HC

Sex, N (%), males 221 (59) 103 (42) 228 (57) X2= 20.8, p < 0.001 BD < SZ, HC

CTQ, total score, mean ± SD 43.8 ± 15.5 43.3 ± 17.0 29.6 ± 5.2 F= 137.9, p < 0.001 HC < SZ, BD

Emotional abuse, mean ± SD 10.5 ± 0.2 10.5 ± 0.2 6.2 ± 0.2 F= 132.0, p < 0.001 HC < SZ, BD

Sexual abuse, mean ± SD 6.5 ± 3.3 6.7 ± 3.7 5.1 ± 0.8 F= 34.9, p < 0.001 HC < SZ, BD

Physical abuse, mean ± SD 7.0 ± 0.2 6.9 ± 0.2 5.2 ± 0.2 F= 45.2, p < 0.001 HC < SZ, BD

Daily smoking, yes (%) 220 (60) 132 (53) − X2= 2.60, p= 0.11

BMI, mean ± SD 26.6. ± 5.6 25.8 ± 4.5 − F= 4.1, p= 0.04

CTQ Childhood Trauma Questionnaire, BMI body mass index, SD standard deviation, n number, SZ schizophrenia, BD bipolar disorder, HC healthy controls

Fig. 1 Patients with abuse have shorter telomeres than healthy
controls. ANCOVA, adjusted for age and sex, F= 5.13 p= 0.006,
partial eta squared= 0.01. Pairwise comparisons, Bonferroni adjusted;
HC compared with patients with abuse: p= 0.003, Cohen’s d= 0.26;
HC compared with patients without abuse: (p= 0.14). Patients no
abuse versus patients abuse (p= 0.36). HC, n= 401; Patients without
abuse, n= 393; and patients with abuse, n= 224. HC healthy controls,
TLtelomere length. T/S ratio= telomere template/amount of single
copy gene template. Lower score is a measure of shorter TL.
Childhood trauma was defined as having at least one type of abuse
reaching moderate-to-severe levels as defined by28
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The sequence of DNA bases contains a 
message…

The central dogma of biology



TGGCCCCAGCATGCGACCTCTGTTTGATTTC
TCCTGGCTGTCTCTGAAGACGCTGCTCAGCC
TGGCCCTGGTGGGGGCCTGCATCACTCTGG
GTGCATACCTGGGCCACAAGTGAGGTCAGC
AGACCTGCCCCAAACAAATATGCAAAAGGTT
CACTAAAGCAGTAGAAATTATATGCATTATCA
AGGATGGACCATGAAACAAAGTTGTGATTTT
TTTTTAAAGCAGAACACACACACACACACAC
ACACACACACACACACACACACACACACAC
ACATTCAGGCAAATGGTCAAATCAGCTATTT
ACTGCCAAAGGGAAATATCATTTATTTTTTAC

ATTATTT

A DNA sequence is described by the sequence of it bases from 5’to 3’. 



The Gene
I geni

Il termine gene indica uno specifico segmento cromosomico, la cui sequenza nucleotidica 
codifica la sequenza amminoacidica che costituisce la struttura primaria di una proteina.

I nostri cromosomi portano complessivamente circa 30000 geni

Gene is a sequence of nucleotides in chromosomic DNA that encodes the synthesis of 
a gene product, either RNA or protein. Our chromosomes carry around 30000 genes

Protein coding genes are around 1% of DNA!

https://en.wikipedia.org/wiki/Nucleotides
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Genetic_code
https://en.wikipedia.org/wiki/Translation_(biology)
https://en.wikipedia.org/wiki/Gene_product
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Protein


Basic 
structure of 

a gene



Genes does not encode only for proteins…
Tipologie dei GENI:

L’informazione che viene trascritta non riguarda 
tutto il DNA ma solo delle particolari sequenze 
definite GENI, che possono essere attribuiti ad 
almeno 3 diverse categorie:

• Geni strutturali, trascritti negli mRNA, 
contengono una sequenza specifica (regione 
codificante) che codifica per la struttura 
primaria di una particolare proteina o di una 
sua sub-unità

• Geni ribosomali, trascritti negli rRNA, si 
associano alle proteine ribosomali, creando i 
ribosomi.

• Geni degli RNA transfer, trascritti negli tRNA, 
legano i singoli amminoacidi ponendoli nel 
giusto ordine durante la sintesi proteica. 

Main Gene categories:
1. Protein coding genes, transcribed in mRNA, that 

encode for a specific protein. Up to 80% of the 
human genome might be involved in gene 
regulation, whereas only ∼2% of the genome 
seems to code for proteins. The Human Genome 
Project, estimated that humans have between 
20,000 and 25,000 protein coding genes.

2. Ribosomal RNA genes: transcribed in rRNA. They 
associate with ribosomal proteins to form 
ribosomes.

3. Transfer RNA genes, transcribed in tRNA. tRNA bind 
to specific amino acid and are responsible of 
translation of the genetic code from mRNA 
nucleotides to the amino acid sequence

4. Genes for Long non coding RNA (LncRNA)
5. Genes for MicroRNA (miRNA), that regulate mRNA 

stability
6. Genes for ribozymes, RNA molecules that have the 

ability to catalyze specific biochemical reactions, 
including RNA splicing

Genes encode for the synthesis of a gene product 
(functional unit), either RNA or protein as final 
result



The human genome project

The Human Genome Project (HGP) was an international scientific 
research project with the goal of determining the base pairs that make up 
human DNA, and of identifying, mapping and sequencing all of the genes of 
the human genome from both a physical and a functional standpoint. It 
remains the world's largest collaborative biological project. Planning started 
after the idea was picked up in 1984 by the US government, the project 
formally launched in 1990, and was declared complete on April 14, 2003. 
Level "complete genome" was achieved in May 2021



…And today





DNA tells our story

Svante Paabo, Nobel prize, medicine 2022. 



Exploring the genes functions!
Genetic engineering technologies applied to 
animal models helped to assessed the 
individual genes functions . Today we can 
insert or delete single genes in animal models 
and study the health consequence of this 
modification. This will help us to identify the 
role of the gene.

CRISP gene editing technique



DNA replication

1. Denaturation and initiation of the replication fork 
at the ORI sites

2. Leading strand: formation of RNA primers by the 
Primase enzyme

3. DNA polymerase add nucleotides form the 5’ to 
3’ direction continuously

4. Lagging strand: formation of many RNA primers
5. DNA polymerase add a short raw of nucleotides 

form the 5’ to 3’ direction to form short chunks, 
the okazaki fragments

6. Exonucleases removes all the RNA primers from 
both strands and DNA polimerases fill the gap 
with DNA

7. DNA ligase seals up the fragments of DNA to form 
aa continuous double strand

Before cell division, each DNA molecule replicates into two daughter 
molecules. Replication is semiconservative, meaning that in daughter 
molecules, one strand is conserved and one is new.

STEPS:



DNA replication

La replicazione del DNA
2) All’interno di ogni forchetta di replicazione i singoli filamenti che prima formavano da doppia elica, 

agiscono da stampo per la sintesi dei filamenti complementari.
Infatti questi filamenti essendo aperti hanno le basi azotate ai numerosi nucleotidi trifosfati presenti 

all’interno del nucleo.
Quindi sotto l’impulso dell’agitazione termica accade che basi fra loro complementari si leghino fra loro 

con legami H, dando così il tempo all’enzima DNA polimerasi di legare fra loro le basi del nuovo 
filamento.



The replication of DNA

https://www.youtube.com/watch?v=TNKWgcFPHqw



Polymerase Chain Reaction (PCR)

The activity of the DNA polymerase is exploited in the 
laboratory to obtain many copies of specific DNA 
sequences. The technique il called polymerase chain 
reaction, or PCR.  With PCR, sufficient quantities of DNA are 
produced for chemical analysis or other manipulations, 
such as introducing DNA into cells. 



RNA structure

• The Ribonucleic Acid (Rna) is a 
polynucleotide in single 
filament, composed of 
Ribonucleotides with Uracile
instead of Thymine. 





Tipologie dei GENI:

L’informazione che viene trascritta non riguarda 
tutto il DNA ma solo delle particolari sequenze 
definite GENI, che possono essere attribuiti ad 
almeno 3 diverse categorie:

• Geni strutturali, trascritti negli mRNA, 
contengono una sequenza specifica (regione 
codificante) che codifica per la struttura 
primaria di una particolare proteina o di una 
sua sub-unità

• Geni ribosomali, trascritti negli rRNA, si 
associano alle proteine ribosomali, creando i 
ribosomi.

• Geni degli RNA transfer, trascritti negli tRNA, 
legano i singoli amminoacidi ponendoli nel 
giusto ordine durante la sintesi proteica. 

The principal types of RNA 
at a glance

• Small non coding RNA (Transcriptional regulator) 
• Rybozimes (Enzymatic activity, like splicing)



Messenger RNA (mRNA)

single-stranded linear 
molecule of RNA that corresponds to 
the genetic sequence of a gene and 
is read by a ribosome in the process 
of synthesizing a protein.



Ribosomal RNA
• Ribosomes are big ribonucleoprotein complexes
• rRNA is contained in ribosomes.
• 4 rRNA fragments are associated with proteins to 

form the two subunits in ribosomes



tRNA structure

• The RNA filament is 
shorted than the 
DNA ones, and can 
fold in different 
shapes (eg Hairpin) 
due to palindromic 
sequences


