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Genetics

The science of heredity, dealing with resemblances and
differences of related organisms resulting from the
interaction of their genes and the environment.

La ciencia de la herencia, que trata de las semejanzas y
diferencias de organismos relacionados que resultan de la
interaccion de sus genes y el medio ambiente.



the basic principles

of heredity and how
traits are passed from FESS
one generation to the ME
next.

Transmission Molecular
genetics genetics

Population
genetics

Explores the genetic composition
of groups of individual members
of the same species (populations)
and how that composition changes
geographically and with the
passage of time

(c)

the chemical nature of the
gene itself: how genetic
information is encoded,
replicated, and expressed. It
includes the cellular processes
of replication, transcription,
and translation (by which
genetic information is
transferred from one molecule
to another) and gene regulation
(the processes that control the
expression of

genetic information).



Bases moleculares de la Herencia

Las primeras preguntas de la herencia

Aristoételes (384-322 AC) Ambos padres
contribuyen a la creacion de los hijos a

través de la mezcla de sangres o
humores.



Preformationists in the seventeenth and eighteenth
ries believed that sperm or eggs contained fully formed

humans (the homunculus). Shown here is a drawing of a

homunculus inside a sperm. [Science VU/Visuals Unlimited.]

specific particles, later called gemmules,
carry information from various parts of
the body to the reproductive organs, from
which they are passed to the embryo at
the moment of conception

Another early notion
of heredity was
blending
inheritance,which
proposed that
offspring are a blend,
or mixture, of
parental traits. This
idea suggested that
the genetic material
itself blends, much as
blue and yellow
pigments blend to
make green paint.



Weismann proposed the germ-plasm theory , which holds that the cells
in the reproductive organs carry a complete set of genetic information
that 1s passed to the egg and sperm

(b) Germ-plasm theory

&3 According to the germ-plasm
4 theory, germ-line tissue in
/| the reproductive organs...

€] ...contains a complete set
== of genetic information...

’ _/""

...that is transferred
directly to the gametes.
. J

'Sperm

Zygote

Eag



Gregor Mendel Discovered the Basic Principles of Heredity

He conducted breeding experiments from
1856 to 1863 and presented his results
publicly at meetings of the Brno Natural
Science Society in 1865. Mendel's paper from
these lectures was published in 1866.




Las claves del éxito

“El sistema”

* esuna planta de crecimiento rapido

* produce mucha descendencia (semillas) lo que permite un
analisis matematico con significancia estadistica

* disponibilidad de un gran nimero de variedades con
diferentes caracteristicas y geneticamente puros



Las 7 caracteristicas que eligi0 para el estudio

(Seed (endosperm)\ Seed shape Seed coat /Flower position h Gtem length—
color color =
) \J J @ W | Axial
\ Yellow  Green Y Round Wrinkled Gray  White (::::::)9 ) i
1 ) =~ ”
(Pod color ) “KKPod shape_ U‘g

Terminal
(at tip of
stem) -,

Inflated

Constricted
onsrlce/ S

He avoided characteristics that display a range of variation, instead, he focused his
attention on those that exist in two easily differentiated forms, such as white versus gray

seed coats, round versus wrinkled seeds, and inflated versus constricted pods.




He adopted an experimental approach
and interpreted his results by using
mathematics.



Genes exist in different
versions called aleles.

One allele encodes
round seeds...

Allele R

. Ggen?

(Alelo?

encodes wrinkled seeds. ;Locus?
Allele r
Different alledes for a particular gene
occupy the same locus on homologous .

. Loci?



varieties of peas,
Mendel removed
the anthers from

To cross dfferant

flowers to prevent
self-fertilization. ..

P generation Homozygous Homozygous
round seeds wrinkled seeds

@ @

P Mendel crossed

two homozygous
Cross| varets of peas | |

Yoo
I L N

fertilize | | these seeds to self-

fertiize.

-

Al the F, seeds were
round. Mendel allowed
Self- plants grown from

Gz generation

5474 round seeds ) 3/ round ;‘:ﬁm
wmkfed. F

1850 wrinkled seeds \)%wmlded 3:1rat.

"

Fraction of
proouwseedstil(.ofr,m

~

4

Conclusion: The traits of the parent plants do not blend.

Although F, plants display the phenotype of parent,
kImthtmlts':;ﬂ!|msetltoF,pﬂ:igenylua:I‘:::l':lo.

/

Monohybrid Crosses Reveal the Principle
of Segregation and the Concept of
Dominance



(B Mendel croemed 2 plant homary
for round seods (RS) with 2 plant
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The presence of both round and wrinkled seeds in the
F2 could be explained only if the F1 plants possessed
both round and wrinkled genetic factors that they had
inherited from the P generation. He concluded that each
plant must therefore possess two genetic factors
encoding a character.

The second conclusion that Mendel drew from his
monohybrid crosses was that the two alleles in each
plant separate when gametes are formed, and one
allele goes into each gamete.

The concept of dominance was the third important
conclusion that Mendel derived from his monohybrid
CrOSses.

Mendel’s fourth conclusion was that the two alleles of
an individual plant separate with equal probability
into the
gametes



(@

[P generation h
Round, yellow wrinkled, green
seeds seeds

J * @
Dihybrid Crosses Reveal the '"1" T

Principle of Independent camere: & @
Assortment . = )
/ﬁ generation Round, yellow h
seeds
J
er!'y
L] LR
Gametes .lu’ oy Ry rY)
L (| ] J
L
(4]
m ngenention ' )
Ry (), Ry Y

_ [RRYY [RrYy |RRYy |[RrYY
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L2 j ‘
LR AL ALY
__ |RRYy |(Rryy RRyy |RrYy

Y219 9

___ |RrYY |rrYy RrYy |mrYY
Y 5
B / e ‘J 7

Phenotypic ratlo
9 round, yellow : 3 round, green :
\ 3 wrinkled, yellow : 1 wrinkled, green _/

Conclusion: The allele encoding color separated
Independently of the allele encoding seed shape,
producing a9 2 2.3 1 ratio In the F, progeny.




Observed Ratios of Progeny May Deviate from
Expected Ratios by Chance

37

(observed — expected)’

2
= 2,
X expected



Differences between dominance,
incomplete dominance,

and codominance

Type of Dominance Definition

Dominance Phenotype of the heterozygote
is the same as the phenotype
of one of the homozygotes.

Incomplete dominance  Phenotype of the heterozygote
is intermediate (falls within

o,

J
Al
AlAZ
A
If the phenotype of the heterozygote falls between the )/

phenotypes of the two homozygotes, dominance is incomplete.

A'A® AlA? the range) between the
If the heterozygote is red,] If the heterazygote is white, e
the A' allele is dominant the A? allele is dominant . :
Codominance Phenotype of the heterozygote

over the A? allele. over the A? allele. includes the phenotypes of
- 4 both homozygotes.
Gmm /. Ve 2

- 5/, |

Penetrancia-expresividad




¢ Qué evidencias experimentales indican que los dcidos
nucleicos estan asociados a la informacion genética?

P

o

Herencia ADN




Las Primeras evidencias

1928: Frederick Griffith

Infeccion con pneumococos

rugosas

Lisas virulentas

rough strain
(nonvirulent)

-.;.',

-

mouse lives

smooth strain
(virulent)

mouse dies

heat-killed
smooth strain

% %
%%y
%

mouse lives

rough strain &
heat-killed

smooth strain

mouse dies
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Type IIR:

living,
nonvirulent

Inject mice

Survives;
no bacteria
recovered

recovered @\ ["/ 33)

.
Bacteria with §

polysaccharide : % § |
capsule 71;
A .Q N
i { =\, \
hl));\ \%\ \ ; ) \ _‘./ {
3.)) & :: ( /
T IIIS
livreg, virulent hggte killed,
nonvirulent

./
B

l

Dies; type I1IS Survives;
virulent no bacteria
bacteria g recovered
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The Experiment That Transformed Biology

Discovering the Genetic Role of DNA
so' Anniversary =333+ 1044 = 1994

Oswan Aveey i his Hospinal kborstory
mikd- 1920y

Coum Macleson Mactyw MoCasry
19% 1942

STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES

InvocToon OF Teassrosmamion »Y o Desoxvarsowocieic Acoo Fracnon
Tsotaren reox Pxeowococces Tyee 11T

By CSWALD T. AVERY, M.D, COLIN M. MaclEOD, MDD, aes
MACLYN MaCARTY,* M.D.
(Frowm e Hospitsl of The Bochefudler Inatiials for Medicst Reseonch)
Poarx 1
(Recrived for peblication, November 1, 1943)
Biokgists have loag attempted by chemical means to indece in higher
orgasiams peedictable and specific changes which thereafter could be trans-

mltlodmnmuh-vﬁuy-"‘ ot Among mi ganisms the most
ple of inberitable and spocific alterations in cell strectese and
function that anhupmmaully deced and are regeodecible under well

defined and adegaately coatrolled comditions is the Lranoemation of specific
types of Pneumececces.  This phenomensa was first descrided by Geiffith (1)
who succeeded In trarsfeeming am attenuated asd nesencapsulated (R)
variant derived from one specific type into fully encapsulated and virclent (S)
cells of a heterologous specific type. A typical instance will suffice 10 dlustrate
the techniques originally used and serwe to indicate the wide variety of trans-
formations that are possible within the Emits of this bacterial species.

Ceifith found that mice (njected suboatancously with o scall amosot of & bviag
R culture derived [romn Preursotoosss Type 1T together with o large (nscdum of
heat-killed Type III (5) cells & ! bed to imfection, and that the heast's
ﬂw‘d&-mhrﬂd%lllmmmm The fact that
1he R straln was avirslent and incapable by itsell of causing fatal bactevemia and the
Mmmlmwwurmmammmunmm«

tecught conviacieg evidence that the R forms growing under these condi
mummmwmmww&ydmm

PoeuUmocoed.

The aoiginal obteervations of Geifith were later coofermed by Neufeld sad Levia-
thal (2), and by Baurherm (3) abosad, and by Dawscn (4) in this labomtory, Scbes-
quently Dawsos and Sl (5) ded in induch formathen in wirs, Ths
they sccomplished by growing R celb is & 8uid medium colsinisg asti-R serus and
beat-kiled encapacinted S cells.  They abowed that & Uhe Lesl tebe ai in the snimal
tody translormation can be seectively indeced, depeading sn the type spechicity
of the 5 cells wsed in the hon oy Later, Allowny (8) was able to casee

* Work done in part a5 Fellow in the Madical Scieaces of the National Research

w




El ADN como principio transformante

==

Mixture of
DNA and RNA m produced

rmmm | AGdRNA y
: loRb.c!‘th

Mixture of
DNA and RNA m




INDEPENDENT FUNCTIONS OF VIRAL FROTEIN AND NUCLEIC
ACID IN GROWTH OF BACTERIOPHAGE®

Iy A. D, HERSHEY e NMARTHA CHASE

(Fram Lke Deperteent of Genatics, Corwegie Inrtitution of Weskingion, Cald Spring
Horter, Lawg Iiisnd)

(Received for publication, April 9, 1952)

The work of Doermann (1948), Doermann and Disscewny (194%), and
Anderson and Doermann (1952) has shown that bacteciophages T2, T3, and
T4 multiply in the bacterial cell in 2 noninfective form. The same is tree of
the phage carried by certain lysogenic bactesia (Lwofl and Gutmann, 1950)
Little else & known about the vegetative phase of these viruses, The experi-
ments reported in this paper show that ooe of the first steps in the growth of
T2 Is the release from its pooteis coot of the sudeic acid of the virus particle,
after which the bulk of the sulfur.containing peotein has no further function

Materiols and Metheds —Fhage T2 means in this paper the wasiety called T2H
(Henshey, 1996); T2k rzeans osc of the ot raunge sutests of T2; UV.phage means
phage irradiated with ultraviolet light from 3 germicidal lamp (Geseral Electric
Ce.) to & fractioned survival of 10-%,

Sersitive tacteris mews & strain (H) of Enckerickio csli sensitive to T2 and its
A matant; resistant bacteria B/2 means 3 strain resstsst to T2 bot semitive to its
A mretant; resistant bacterla B/24 means o strain resistaat o both, Thew bacters
do not adsarh the phages to which ey are resistant.

“Salt-poor’ beoth contains per liter 10 gra. lucto-peplose, | g glucose, and |
#=. NaCL “Broth" contains, in additicn, § gm. bacte-beef extrect sad § gm. NaCl

Glycerol Jactate medium cootalns per lter M mu sodium bctate, 4 gm. glyosel,
§ gm. NaCl, 2 pm. KCI, 1 gm. NHCL, § reor MgCly, 0.1 meae CaCl, 001 gm, grlatin,
10 mg P (a2 orthophoephate), azd 10 mg. S (s MgS0y), at pH 70,

Adsorpthon medium containg per liter 4 gm. NaCl 5 g K SO, 15 g KHPO,
3.0 gm. NaFPO, | ma MgSO,, 0.1 mu CaCly, and 001 gm. pelatis, st pH T0

Veromal buffer coatsias per liter | gm. sodium diethylbartiterate, 3 ma Mg50,
and 1 g gelating at pH 80,

The HCN referred o in this paper comeints of melar sofiue eyunide solution
nestralised when aceded with phosphocic ackd,

"Ihis:n\-xvltn'um:xtdnp‘nh;lmmwfmhw
Mieroh of the Natioeal Toni of Health, Public Health Service.
Radicective isotopes were sapplied by the Ouk Ridge Naticoal Labocatory oa alloca-
tica from the [sotopes Division, Usited States Atcemic Ensrgy Commission.

»

Thae Jounssal of Genesal Plisiology

DISCUSSION

We have shown that when a particle of bacteriophage T2 attaches to a
bacterial cell, most of the phage DNA enters the cell, and a residue contain-
ing at least 80 per cent of the sulfur-containing protein of the phage remains
at the cell surface. This residue consists of the material forming the protective
membrane of the resting phage particle, and it plays no further role in infec-
tion after the attachment of phage to bacterium.

These facts leave in question the possible function of the 20 per cent of sul-
fur-containing protein that may or may not enter the cell. We find that little
or none of it is incorporated into the progeny of the infecting particle, and that
at least part of it consists of additional material resembling the residue that
can be shown to remain extracellular. Phosphorus and adenine (Watson and
Maalge, 1952) derived from the DNA of the infecting particle, on the other
hand, are transferred to the phage progeny to a considerable and equal ex-
tent. We infer that sulfur-containing protein has no function in phage multi-
plication, and that DNA. has some function.



Alfred Hershey y Martha Chase (1952)

Determinaron que el ADN es el material
genético en el bacteriéfago T2

Blender
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Proteinas

Acidos Nucleicos

Polisacaridos

Lipidos




Proteinas

Proteins are large biomolecules, or macromolecules,
consisting of one or more long chains of amino acid

residues.



Amino acidos

a-amino acids (generic formula H2ZNCHRCOOH 1n most cases,
where R 1s an organic substituent known as a "side-chain’) often the
term "amino acid" 1s used to refer specifically to these. They include
the 23 proteinogenic ("protein-building") amino acids,



A linear chain of amino acid residues 1s called a polypeptide.

A protein contains at least one long polypeptide.

Short polypeptides, containing less than 20-30 residues, are rarely
considered to be proteins and are commonly called peptides, or
sometimes oligopeptides.

Nonribosomal peptides (NRP)




* Jlineales

* 23 aa proteimnogénicos?

(Porque?



LLa estructura del ADN



No. 4356 April 25, 1953

equipment, and to Dr. G. E. R, Deacon and the
captain and officers of R.R.8, Discovery 11 for their
part in making the obscrvations,

‘Yuungéol'. L., Gerrard, H., und Jevone, W., PAil, Mug.. 30, 149

‘Lcusmuzatil-l(lgzm)s M. 8., Mon. Not. Roy. dswo. Soe., Grophys, Supp.,

*Von Arx, W, 8. Waonda Hole Papeis In Phys, Qcearog. Xaoteor., 11
(3) (1950).

SBkman, V. W.. Arkdv, Mat. dstron. Fysik. (Steckkolm), 8 (11} (1005).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to sugges. o bll‘ubtllle fun the salt
of deoxyribose nucleic
structure has novel foaturcs whiy
binlogical interest.
A structure for nueloic ac
proposed by Pauling and Core,
their manuseript available t
publication. Their model co
twined chains, with the phos
axis, and the bascg on the out
this structure is unsatisfactol
(1) Wo bclieve that the mat
X-ray dingrarng is tho salt, not
the acidic hydrogen atoms ib is
would hold tho strueture toge
negatively charged phosphate)
repel each other. (2) Some d
distances appesr to be too emall.
Anocther three-chuin strueturc hss also been sug-
gosted by Frasor (in the press). In his model the
phosphates are on the outside and the bases on the
ingide, linked togethor by hydrogen bonds, This
structure as described is rather ill-defined. ond for
this reason we shall ot comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This struciare has two
helical chains each coiled round
the same axis (scc diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphato di-
ester groups joining R-D-deoxy-
ribofuranose residues with 37,57
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. [Both chains follow righu-
handed helices, but owing to
the dyad tho.sequences of the
atoms in the twn chaing run
in opposite directions. Each
chain loosely resembles Fur-
berg’s® model No. 1; that is,

the helix and the phosphates on
the owlside. The conliguration
of the sugar and the atoms
“near it is elose to Furberg's
‘standard configuration’, the
sugar boing roughly perpendi-
to the attached base. There

‘Phis Hgure is purely
ciagrammatle. The two
ribhons symbolize the
two  photphate—sugar
chaine, and the ]\on-
zonral rods The pairs of
bases holding Lhe chaing
together, The vertical .
lint marks thc fbre axis  cular

\i»\\ N the bases are on the inside of

NATURE : 737

is & residue on each chain every 34 A, in the z-direc-
tion. We have assumed an angle of 38° between
adjacent residues in the same chain, so that the
strueture repeats after 10 rosidues on each chain, that
is, after 34 A. The distanco of & phosphorus atom
from the fibre axis ia 10 A, As tho phosphates are on
tha outside, cations have easy access to them.

The structuro is an open one, and its water condent
15 rathor high. At lower water contents wo would
axpect the bases to tilt 30 that the strusture could
become more compact.

The novel featnre of tho structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the ba,ses
are porpendicular to the fibro axis. They aro joined
Logether in pairs, a single base from one chain being
hydregon-bonded to a ginglo hage from the other
chain, so that the two lie side by side with identical
2-00- or(hmtes. Una of the p&u must be a purme and

A Structure for Deoxyribose Nucleic Acid

E wish o suggesl a structure for the salt
of deoxyribosc nucleic acid (T)NLA.).
gtructure has novel features which are of conarderabls
bmloglcal interest.

single chan appear to

way. However, if only spovific pum of buses cun be
formed, it follows that if the sequence of hases on
one chain is given, then the sequence on the other
chain is automatically determined.

It hag boen found experimentally®t that tho ratio
of the amounts of adenine to thymine, and the ratio
of guanine o cytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impossiblo to build this structure
with a ribosc sugar in place of the deoxyribose, as
the extra oxygen alom would muke too close u van
dar Waals contact.

The proviously published X-ray data®* on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far a3 we can tell, it is roughly
compatible with tho experimentul Qata, but it must
be regarded as unproved until it has been ehecked
agoinst more cxact results. Some of thess are given
in. the following communications. We were not aware
of the details of tho results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemieal argumonts.

It has not escaped our notice that the specific
pairing we have postulated irnmediately suggests a
possible copying mochanism for the genetic material,

Full details of the structure, including the con-
ditions asswumned in building i, together with a set
of co-ordinatcs for the atoms, will be published
elsewhere.

We are much indebted io Dr. Jerry Donohue for
constant advice and criticism, cspecially on inter-
atomic distances. We have also been stimulated by
s knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkiny, Dr, R. E. Franklin and their ¢o-workers ai
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King's College, London, Une of us {J. 1. W.) has been
aided by & fellowship from the National Foundation
for Infantilo Paralysia,
J. D. Warsox
F. H. . Criox
Medical Ressarch Couneil Unit for the
Study of the Molooular Strusture of
Biological Sysiems,
Cavendish Laboratory, Cambridge.
April 2
* Puuling, T., and Corey, K. B.. Nature, 171, 846 (1863); Proc. 17,8,
Nad, Acud. Sei., 39, 8% (1953).
® rurberg, 8., Ada Lhzm Neandd., 8, 634 {1952),
* Chargall, E., for references see “amenhof, ., Rrawerman, G.. and
Chargaff, E., ftiochim. et Blophis, Acts, 9, 402 (1952).
{Wyatt, G. R., J. Gen. Physiol., 38, 201 (1032).

5 Anthn W. T, Svmrn Soe, lixp. Biol. |, Nucleie Acid, 86 (Mamd.
T Prrss 1047,

, I, T., Bisehim. et Diophye. Acta,

e of Deoxypentose
Acids

roperties of deoxypentose
molceular structure con-
X-ray diffraction studies
1) show the basic moleeular
mplicily. Tho purpose of
describe, in a preliminary
ontal evidenece for the poly-
ration being helical, and
in the natural statc. A
will be published shortly.
The structure of deoxypentose nucleic acid is the
game in all species (a.lthcaugh tho nitrogen base ratios
alter considerably) in nucleoprotein, extractod or in
cells, and in purified nucleste. ‘I'he sume lincar group
of polynucleotide chains may pack together parallel
in different ways to givo crysialline? s, semi-crystalline
or paracrystalline material, In all cases the X-ray
diffraction photograph consists of twa regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the othor by tho longer
spacings of the chain configuration. The sequonee of
different nitrogen bases along the chain is not mads
vigible,

Oriented paracrystalline deoxypentose nucleic acid
(‘structure R’ in the tullowmg comiumieation by
Tranklin and Gosling) gives a fibre disgram as shown
in Fig. 1 (of, ref. 4). Astbury suggested that the
strong 3-4-A, reflexion corresponded to the inter-
nucleotide repest along the fibre axis, The ~ 34 A,
layer lines, however, are not due to a repeat of a
polynucleotide composition, but (o tle chain con-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
T. The absence of reflexions on or
eridian. immediately suggests a helicsl
structuro with axis paralel to fibre length,

Thi=

Diffraction by Helices

It may be shown® {alsn Stokes, unpublished) thas
the intensity distribution in the diffraction pattern
of a series of points cqually spaced along a helix is
given by the squarcs of Bessel functions. A uniform
continuous helix gives 8 series of loyer lines of spacing
corresponding to the helix pitch, the intensity dis-
tribution along the nth layer line being proportional
to the square of Jp, the nth order Bossol function.
A straight line may be drawn approximately through
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Tig. 1. Fibre Clagram of deoxypentoze nucleir acid frane B, cofi.
Tribre axis vortleal

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
i1 roughly equal tu the angle beiween an clement of
the helix and the helix axis. If & unit repeats » timos
along the helix there will be a meridional veflexion
(7,2 on the sth layer line. The helical configuration
produces side-bands on thie fundamontal frequency,
the effect’ being to reproduce the intensity distribulion
about the origin around the new origin, ou the nth
layor line, corrosponding to ¢ in Fig. 2.

We will now briefly analyse in physieal torms some
of the effects of the shape and size of the ropeat unit
or nueleotide on the diffraction psttern. First, if the
nucleotide eongists of & wnit having eircular symmetry
about an axiz parallel to the helix axis, the whole
diffraction pattern is modified by the form factor of
the nucleotide. Sscond, if the nucleotide concists of
a serics of pointg on a radius a. right-angles Lo the
helix axis, the phases of radiation scattcred by the
helices of different dinmeter passing through each
point sre the same. Sumration of the corresponding
Bessel functions gives reinforcement for the inner-

Fiy. 2. Diffraction pattern of systers of helires eorresponding t
structuze of denxy pentoze nun avid.  The sijuares of Teseel
functions arc plotted about 0 on the equator and ou Lhe Gt
second, third and fifth layer Hued for half of the nucleotide mass
b 20 A (Uameter and remainder distributed atong o radiug, the
mass at 8 given raiins being proportivnal to the Tadbus,  About
€ on the tenth layer line similar functions are plotted fcr an ontse
dlameter ¢f12 A,




REGLAS DE CHARGAFF PARA ADN DE DOBLE HELICE

La proporcion de Adenina (A) es igual a la de Timina (T). A=T . La
relacion entre Adenina y Timina es igual a la unidad (A/T = 1).

La proporcion de Guanina (G) es igual a la de Citosina (C). G=C. La
relacion entre Guanina y Citosina es igual a la unidad ( G/C=1).

La proporcion de bases puricas (A+G) es igual a la de las bases
pirimidinicas (T+C). (A+G) = (T + C). Larelacion entre (A+QG)y
(T+C) es 1gual a la unidad (A+G)/(T+C)=1.

*Sin embargo, la proporcion entre (A+T) y (G+C) era caracteristica de
cada organismo, pudiendo tomar por tanto, diferentes valores segun la
especie estudiada. Este resultado indicaba que los acidos nucleicos no
eran la repeticion mondtona de un tetranucleotido. Existia
variabilidad en la composicion de bases nitrogenadas




Procedencia del ADN A G C T 5-Me-C
Timo de Bovino 28,2 21,5 21,2 27,8 1,3
Esperma de bovino 28,7 22,2 20,7 27,3 1,3
Germen de trigo 27,3 22,7 16,8 27,1 6,0
Saccharomyces 31,3 18,7 17,1 32,9 -
Escherichia coli 26,0 249 25,2 23,9 -
Mycobacterium tuberculosis 15,1 34,9 35,4 14,6 -
OX174 24,3 24,5 18,2 32,3 -

T3 23,7 26,2 27,7 23,5 -

T5 30,3 19,5 19,5 30,8 -

T7 32,4 18,3 32,4 17,0 HMC
Virus ARN A G C U

Mosaico del tabaco (TMV) 29,8 25,4 18,5 26,3

Mosaico amarillo nabo 22,6 17,2 38,0 22,2

Poliomielitis 28,6 24,0 22,0 25,4

Encéfalo miocarditis del raton 27,3 23,5 23,2 259

Reovirus Tipo 3 28,0 22,3 22,0 27,9

Tumor de las heridas 31,1 18,6 19,1 31,3




2 Cadenas enrolladas sobre el mismo eje formando una doble hélice a la derecha

Minor
groove

* El esqueleto hidrofilico de grupos fosfato y deoxiribosa alternantes
estd expuesto al agua del ambiente

» El anillo de furanosa esta en la
conformaciéon C-2 endo

Sy s

B'-

36 A .
= o * Las bases estan apiladas en el interior de la doble helice, con sus
N> o planos perpendiculares al eje de la doble hélice
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(a) BDNA (b) ADNA

(c) ZDNA

ADN-B: ADN en disolucion, 92% de humedad relativa, se encuentra
en soluciones con baja fuerza idnica se corresponde con el modelo de
la Doble Hélice.

ADN-A: ADN con 75% de humedad, requiere Na, K o Cs como
contraiones, presenta 11 pares de bases por giro completo y 26 A de
diametro. Es interesante por presentar una estructura parecida a la de
los hibridos ADN-ARN vy a las regiones de autoapareamiento ARN-
ARN.

ADN-Z: doble hélice sinistrosa (enrollamiento a izquierda), 12 pares
de bases por giro completo, 18 A de didmetro, se observa en
segmentos de ADN con secuencia alternante de bases puricas y
pirimidinicas (GCGCGC), debido a la conformacion alternante de los
residuos azucar-fosfato sigue un curso en zig-zag. Requiere una
concentracion de cationes superior a la del ADN-B, y teniendo en
cuenta que las proteinas que interaccionan con el ADN tienen gran
cantidad de residuos basicos seria posible que algunas convirtieran
segmentos de ADN-B en ADN-Z.

A form B form Z form
Helical sense Right handed Right handed Left handed
Diameter ~26 A ~20 A ~18 A
Base pairs per helical turn 11 10.5 12
Helix rise per base pair 2.6 A 3.4 A 3.7 A
Base tilt normal to the helix axis 20° 6° 7°
Sugar pucker conformation C-3' endo C-2' endo C-2" endo for
pyrimidines; C-3’
endo for purines
Glycosyl bond conformation Anti Anti Anti for pyrimidines;

syn for purines




La estructura del hibrido DNA-RNA
es la de una doble hélice con las
caracteristicas generales de un A-
RNA, o del A’-RNA. Tipicamente se
detectan 11-12 pares de bases por
vuelta de hélice.



ADN triple hélice o ADN-H: "In vitro" es posible obtener tramos de triple hélice intercalando
oligonucledtidos cortos constituidos solamente por pirimidinas (timinas y citosinas) en el surco mayor de
una doble hélice. Este oligonucleotido se une a pares de bases A-T y G-C mediante enlaces de hidrogeno
tipo Hoogsteen que se establecen entre la T o la C del oligonucleotido y los pares A-T y G-C de la doble
hélice. No se sabe la funcion bioldgica del ADN-H aunque se ha detectado en cromosomas eucaridticos.

Apareamiento tipo Hoogsteen

fml

Estables a pH bajos (C*,pKa= 7.5)



ADN cuadruplexo: "In vitro" se han obtenido cuartetos de Guanina (ADN cuadruplexo) unidas
mediante enlaces tipo Hoogsteen, empleando polinucleotidos que solamente contienen Guanina
(G). Los extremos de los cromosomas eucarioticos (telomeros) tienen una estructura especial
con un extremo 3' OH de cadena sencilla (monocatenario) en el que se repite muchas veces en
tandem una secuencia rica en Guaninas. Se piensa que el ADN cuadruplexo telomérico serviria
para proteger los extremos cromosomicos de la degradacion enzimatica. Ejemplo de secuencia
telomérica rica en guaninas (G):

5P TTGGGTTGGGGTTGGGG..............TTGGGG 3'OH

H
Guanosine tetraplex
(c) id}




Empaquetamiento del ADN Eucariota

En el genoma humano tenemos 3 x 10° bp distribuidos en 23 cromosomas
La forma B-DNA ocupa 3.4 A/bp

La longitud total del ADN celular humano es de 2 metros!!!

.

Debemos empaquetarlo en un nucleo con un diametro de 5 um
(10.000 veces)

El DNA durante la interfase se encuentra condensdo formando un complejo
nucleoproteico denominado cromatina



Chromatin Proteins

Chromatin proteins
1. Histone Proteins (small, positively charged— rich in lysine and arginine
residues)

Core histones: H2A, H2B, H3, H4

Linker histone: H1

2. Nonhistone chromosomal proteins

TABLE 7-5 General Properties of the Histones

Molecular % of Lysine
Histone type Histone weight (M) and Arginine
Core histones H2A 14,000 20%
H2B 13,900 22%
H3 15,400 23%
H4 11,400 24%

Linker histone H1 20,800 32%
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1 ADN se enrolla alrededor del nicleo histéonico: Nucleosomas

2 H2A
2 H2B nucleosome
2 H3
2 H4
histone —L - .' core DNA
core N (146 bp)
1l" \
V- \_ J /
linker DNA <y
(20-60 bp) o

R ¢
) OR # .
e - 48
©
o ¢

“Beads on a String”

Nucleosomes

-Contain a histone core octomer + 146 bp core DNA
-Spaced ~200 bp apart

(146 bp core DNA + 20-60 bp linker DNA)

-Core DNA is protected DNases
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The Histone Amino-Terminal Tails Stabilize DNA Wrapping
around the Octamer

b "““‘
i H3 YA YA

DA

~

FIGURE 8-26 Histone tails emerge from the core of the nucleosome at specific positions.
(a) Theside view illustrates that the H3 and H2B tails emerge from between the two DNA helices. In
contrast, the H4 and H2A tails emerge either above or below both DNA helices. (LugerK. etal. 1997.
Nature 389: 251 -260.) Image prepared with GRASP. (b) The position ofthe tails relative to the entry
and exit of the DNA. This view reveals that the histone tails emerge at numerous positions relative to
the DNA. (Davey CA. etal. 2002. . Mol. Biol. 319: 1097-1113.) Image prepared with MolScript,
BobScript, and Raster3D.



H1 bound

FIGURE 8-27 Histone H1 binds two
DNA helices. Uponinteracting with a nucle-
osome, histone H1 binds to the linker DNA
at one end of the nucleosome and the
central DNA helix of the nucleosome
bound DNA (the middle of the 147 bp
bound by the core histone octamer).

LLa Histona H1 une 2 hélices de ADN




2 Modelos para la fibra de cromatina de 30-nm

a solenoid

linker DNA

y -
»
__, _\IM\_x\J//
//v\ = w\\ __:
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n modelo de la estructura del cromosoma

DNA double helix

Solenoid (six nucleosomes per turn)

Loops (50 turns per loop)

Miniband (18 loops)

Marrix

11 nm

30 nm

~0.25 pm

0.84 pm

0.84 pm

Base pairs . .
per turn Packing ratio
10 1
80 6-7
1200 ~40
60,000 680
~1.1x10* 1.2x10"
18 loops/ 1.2x10*
miniband

DNA exists
in chromatin
form during
interphase

DNA in most
compact form
(chromosomes)
during metaphase
of mitosis
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The Amino-Terminal Tails of the Histones Are Frequently Modified

FIGURE 8-39 Modificationsofthe his-
tone amino-terminal tails alters the func-
tion of chromatin. The sites of known his-
tone modifications are illustrated on each
histone. Although the types of hisone modi-
ficationscontinue togrow, for simplicity, only
sites of acetylation, methylation, phosphory-
lation, and ubiquitinylation are shown. The
majority of these modifications occur on the
tail regions, but thereare occasionalmodifica-
tions within the histone fold (e.g., methyla-
tion of lysine 79 of histone H3). (Adapted,
with pemission, from Alberts B. et al. 2002.
Molecular biology of the cell, 4th ed., Fig.
4-35. © Garland Science/Taylor & Francis
LLC, and, with permission, from Jenuwein
T. and Allis C.D. 2001. Science 293: 1074
1080, Figs. 2 and 3. © AAAS.)

PO B> @®

H2A

H2B

H4




FIGURE 8-41 Effects of histone tail modifications. (a) The effect on the association with
nucleosome-bound DNA. Unmodified and methylated histone tails are thought to associate
more tightly with nucleosomal DNA than acetylated histone tails. (b) Modification of histone
tails creates binding sites for chromatin-modifying enzymes.
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Nucleosome Modification and Remodeling Work Together

to Increase DNA Accessibility

FIGURE 842 Chromatin-remodding
and hi difying pk work
gether to alter ch n Se-
quencespecic DNAbinding proteins typ
ally recruit these enzymes 1o speciic mgions
of a ¢h in the i on, the
blue DNAbinding proten first mouits a
hitone acetyltransierase that modifies the

sibiity of the assocsted DNA by locally
converting the chromatin fiber from the
30.nm fiber to the more xcessibie 10nm
form. This increased accessibiity alows the
binding of a second DNA-binding protsin
(orange) th it . e
eling complex. Localizstion of the nudieo
some-mmodeling complex faclitstes the
shding of the adjacent nucleosomes, which
allows the bnding site for a third DNA-
binding peotein (green) to be exposed.
For example, this could be the binding site
for the TATAbinding protein at a start site
of tamscription. Although we show the
oxder of ation as hist ylats
piex and then nuch defing
complex, both orders are abserved and can
beequally efiective. It & also tue that mcruit-
ment of a different histonemodifying com-
plex could result in the formation of mare
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L=T+W

Linking Number (L or L,) = nimero de veces que dos cadenas estan entrelazadas

Lk =6

Twists (T or T,,) = nimero de vueltas de hélice

Iu . S, AS. .

1.\\'

Y
Relaxed (8 turns)

Writhes (W or W,) = niimero de veces que el duplex se entrecruza consigo mismo

Negative
supercoils
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!!ue Eacen las topoisomerasas?

1. Cambian el linking number de la molécula de ADN mediante:

A) Cortando una o ambas cadenas y luego,
B) Enrollarlas mas o menos y uniendo nuevamente los extremos.

2. Usualmente relajan el ADN superenrollado



Ol —
ype I Topoisomerases

They relax DNA by nicking then closing one strand of duplex DNA. They cut one strand of the
double helix, pass the other strand through, then rejoin the cut ends. They change the linking
number by increments of +1 or —1.

\< N/
/ / N
\ \
) \
' /
/ \ N\

7\

_—
pass strand

through break
and ligate

/X

PN

'\
INS 1/
\
\ 7\ 7\

Y}
nrN

Lk =n+1
Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings
Topo I from E. coli Topo I from eukaryotes
1) acts to relax only negative supercoils 1) acts to relax positive or negative supercoils
2) increases linking number by +1 2) changes linking number by —1 or +1 increments
increments
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!elaxatlon of SV40 DNA by Topo I

Relaxed
=
ke
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Maximally
supercoiled
v

Maximum 3 min. 25 min.
supercoiled Topo I Topo I
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= !n ! co|1 Iype ” Iopmsomerase: DNA Gyrase

A W“%
Q DNA loop &

Topo II (DNA Gyrase) from E. coli
1) Acts on both neg. and pos. supercoiled DNA

2) Increases the # of neg. supercoils by increments of 2
3) Requires ATP

DNA is cut and a conformational change
allows the DNA to pass through. Gyrase
religates the DNA and then releases it.
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Type II Topoisomerases

They relax or underwind DNA by cutting then closing both strands. They change the linking
number by increments of +2 or —2.

All Type II Topoisomerases Can Catenate and Decatenate cccDNA molecules

a type |l topoisomerase

catenation \ &

5 decatenation

Circular DNA molecules that use type Il topoisomerases:

E. coli Eukaryotes
-plasmids -mitochondrial DNA
-E. coli chromosome -circular dsDNA viruses (SV40)




Genomas
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TABLE 7-1 variation in Chromosome Makeup in Different Organisms

Number of Chromosome Form of Genome
Species chromosomes copy number chromosome(s) size (Mb)
PROKARYOTES
Mycoplasma genitalium 1 i Circular 0.58
Escherichia coli K-12 1 1 Crcular 4.6
Agrabacterium 4 1 3 Circular 567
tumefaciens 1 Linear
Sinorhhizobium meliloti 3 1 Circular 6.7
EUKARYOTES
Saccharomyces cerevisiae 16 1or2 Linear 121
(budding yeast)
Schizosaccharomyces 3 1or2 Linear 125
pombe (fission yeast)
C. elegans (roundworm) 6 2 Linear 97
Arabidopsis thaliana (weed) 5 2 Linear 125
Drosophila melanogaster 4 2 Linear 180
(fruit fly)
Tetrahymena thermophilus Micronucleus 5 Micronucleus 2 Linear 220
(protozoa) Macronudeus 225 Macronudeus 10-10,000 (Micronudeus)
Fugu rutripes (fish) 22 2 Linear 365
Mus musculus (mouse) 9+ XandyY 2 Linear 2.500
Homo sapgiens 2+ Xand Y 2 Linear 2,900




[ | TABLE 7-2 Comparison of the Gene Density in Different Organisms’ Genomes
- e et e e
Species (Mb) number of genes* (genes/Mb)*

PROKARYOTES (bacteria)
Mycoplasma 0ss 00 860
genitalium
Sweptococcus 22 2300 1,060
pneunonia
Escherichia coli 46 4,400 @50
K-12
Agrobactenum 57 5.400 960
tundaciens
Sinorhizobium 67 6,200 30
mel ot
EUKARYOTES (animais )
Fungi
Saccharomyces 12 5.800 480
carevisiae
Schizosaccharomyces 12 4,900 410
paombe
Protoma
Evahymens 220 > 20000 > 90
thermophila
Invertebraes
Ceenorhsbdits a7 19,000 200
elegans
Drosophila 180 13700 80
melsnogaster
Srongylocentrotus 845 ~22 000 -26
pupuUrsius
Locusta 5,000 nd nd
migrataia
Vertebrates
Fugu rubripes 3686 > 31,000 >85
Homo saplens 2900 27000 a3
Mus musculus 2500 29000 12
Plant s
Arsbidopsis thallana 125 25500 200
COryzs satva (rce) 430 > 45 000 > 100
Zeamays 2200 > 45 000 > 20
Fritllara assyriaca 120,000 nd nd

1(wutp)
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Escherichia cdi (57 genes)
[ ) (5 SESSES ) OB BT '3 DR | S l—l TINGES] | Dol £ GRS [ I, U
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intron 1 2
- ¢ — D wen)

exon 1 2 3
primary 1 2 3
RNA 5 s L____a§ — K]
transcript
spliced mMRNA 5 I 3

TABLE 7-3 Contribution of iIntrons and Repeated Sequences to Different Genomes

Gene density Average number of Percentage of DNA
Species (genes/Mb) introns per gene* that is repefitive*
PROKARYOTES (bacteria)
Escherictia coliK-12 950 0 <1
EUKARYOTES (animals)
Fungi
Saccharomyces cerevisiae 480 004 34
invertebrates
Caenorhabdilis elegans 200 5 6.3
Drasophila melanogaster 80 3 12
Vertebrates
Fugu rubripes 75 5 27
Homo sapiens 85 6 46
Plants
Arabidopsis thaliana 125 3 nd
Oryza sativa (rnce) 470 nd 42
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The Majority of Human Intergenic Sequences Are Composed
of Repetitive DNA

unique
510 Mb

other ntergenic




