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A genome is all the genetic information of an organism.

A genome is an organism's complete set of DNA, including all of its genes as well as its
hierarchical, three-dimensional structural configuration.

Consists of nucleotide sequences of DNA or RNA.
Term created in 1920 by Hans Winkler a German botanist.

Oxford Dictionary suggest the name is a blend of the words gene and chromosome.

| | . PHENOMICS
Fits s..ystemat|cally with a few related -ome words: GLYCOMICS

* Biome METABOLOMICS

* Rhysome PROTEOMICS

* Nucleosome
e Chromosome
e Ribosome

* Replisome

* Etceterasome

EXOMICS
TRANSCRIPTOMICS
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DNA genomes

10,000 bacterial species
500 archaeal species
611,000 fungal species, including yeasts
298,000 plant species

7.8 million animal species.
58,000 to 77,000 viral species

RNA genomes
161,979 RNA virus species
44 viroids
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Viroid and viral genomes are either DNA or RNA based, compact and overlapped.
Prokaryote (Bacterial) genomes are DNA based, mainly circularized and single.
Bacteria have one or two chromosomes containing all essential genetic material.

Bacteria also contain smaller extrachromosomal plasmid molecules that carry
additional non-essential genetic information.

Eukaryote genomes are diploid and have nuclear and endosymbiont components.

e All eukaryotes have mitochondrial genome.
e Algae and plants also contain chloroplast genome.

The scientific literature term 'genome’ is usually restricted to the large
chromosomal DNA molecules in bacteria and eukaryotes.
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An organism that lives within another organism in a typically mutualistic relationship.

2.2 billion years ago an archaeon phagocytosed a bacterium which eventually became the
mitochondria which provides eukaryotes with energy.

1 billion years ago, some of those mitochondria-bearing eukaryote cells absorbeda
cyanobacteria that eventually became a chloroplasts, which produces energy from sunlight

Eukaryatic cell Phagosomal membrane
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i . Double-membraned chloroplast
Free 'tyanabaclerium Eukalyotic (primary endosymbiont)
cell membrane

Phagosomal membrane
anobacterial

el membranes Intermembrane space
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Peptidoglycan wall
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N a ked CI rcu Ia r Ss R N A 246 to 467 b p 1  CGGAACUAAA CUCGUGGUUC CUGUGGUUCA CACCUGACCU CCUGAGCAGA AAAGAARAAR
’ 61 GAAGCCGGCU CGGAGGAGCG CUUCAGGGAU CCCCGGGGAA ACCUGGAGCG AACUGGCARA
121  AAAGCGACGGU GGGGAGUGCC CAGCGGCCGA CAGGAGUAAU UCCCGCCGAA ACAGGGUUUU
181 CACCCUUCCU UUCUUCGGGU GUCCUUCCUC GCGECCGCAG GACCACCCCU CGCCCCCUUU

241 GCGCUGUCGC UUCGGCUACU ACCCGGUGGA AACAACUGAA GCUCCCGAGA ACCGCUUUUU
301 CUCURUCUUA CUUGCUUCGG GGCGAGGGUG UUUAGCCCUU GGAACCGCAG UUGGUUCCU
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Putative secondary structure of the PSTVd viroid

Phytopathogenic and candidates for the
primordial genetic material.

They accumulate mutations and can recombine.

Autonomous replication.
Potato spindle tuber viroid (PSTVd)

SR

33 VirOIdS have been |dentif|ed. Rod Type Viroid Structure

Transmitted mechanically through cellular debris.

Extensive intra-strand base pairings with unpaired loops protect ij? o
the viroid from degradation by ribonuclease. CQS]E

Branched Type Viroid Structure

www.geeksforgeeks.org/viroid-definition-structure/ < Get to know a lot more on viroids here
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Also do not code for any proteins. exgild
rcDNA

Also phytopathogenic.

. o s-HBsAg~_ O %
Need “helper virus” for replication. = T

Also called satellite RNAs. HBV
Virusoids are RNA molecules which use the capsids of other viruses.

Human hepatitis D agent (HDV) is a virusoid and requires HBV to replicate and to
encapsidate.
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Subviral Particles

UASLP

Hepadnaviruses (HBV) are the smallest enveloped
(membrane) viruses observed in animals (42 nm).

Infected hepatocytes secrete non-infectious HBV
subviral particles that lack genetic material (> 100,000
or 1,000,000 particles per cell).

Hepatitis B Virus

Lipid bilayer S-HBs

, M-HBs

VIRION

Core protein

Enveloped nucleocaps;ds Naked nucleocapsids

ﬁw

Diﬁerence between VirUS and Virion Subviral particles
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The more ergonomic extreme leads to the viral capsid being made up of a single
type of protein subunit.

Capsid

Two essential types of capsids:

RNA
1.- Filamentous or helical.

2.- Icosahedral. protein

subunit

y

Bacteriophage P22  Bacteriophage N4 Rotavirus Herpes simplexvirus Phage ®M12 Pseudoalteromonas virus PM2
T=7 T=9 T=13 T=16 T=19 T=21

@ Creative Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on
COMMONS this document, including commercial use, as long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP".



7

3y Prions

-
4D e Mm"“@
vasL?

PrP¢ vy

Stanley Prusiner coined the term in the early 1980s. Normal prion

Neurological

nucleic acid destruction processes.

Initially controversial, won the 1997 Nobel Prize in Physiology

or Medicine.

Diseases call

histological appearance.

Protein parti

proteins, leading to their accumulation in cells...
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diseases caused by infectious agents resistant to

Amino acids
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Prokaryotic genomes

Compact and Efficient:

Prokaryotic genomes are typically smaller and more compact
than eukaryotic genomes, ranging from about 0.5 to 10 Mb in
size.

Circular DNA

Most prokaryotes have a single, circular chromosome, although
some species may possess multiple chromosomes or linear
chromosomes. Bacterial DNA

Replication Origin

Replication usually starts at a single origin of replication (OriC)
and proceeds bidirectionally.

Plasmids

In addition to the main chromosome, prokaryotes often carry
extrachromosomal DNA in the form of plasmids, which can confer
advantageous traits such as antibiotic resistance.

4\"‘"-&
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Prokaryotic genomes
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Minimal Non-Coding Regions
Non-coding DNA is minimal compared to eukaryotic genomes, optimizing genetic information

density.

Operons
Genes are often organized into operons, allowing coordinated expression of functionally

related genes.

operon
rpromoter operator structural genes
regulatory gene [ B
A | A B C D
DNA | I | | | | l | l ]
l transcription
ay

l l l ltranslatton
© O O O
protein protein protein protein
Functional Redundancy
Despite their compact size, prokaryotic genomes often encode redundant systems for critical
functions, enhancing survival under diverse conditions.
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Eukaryotic genomes

Large and Complex
Significantly larger and more complex than prokaryotic genomes, ranging from tens
of millions to billions of base pairs.

Linear Chromosomes ;':r'i"g B
Eukaryotic genomes are Mammals
organized into multiple linear  Reptiles
chromosomes housed within ~_2mPhans

Bony fish
d nUC|eUS. Cartilaginous fish

Echinoderms

Crustaceans

Insects
Molluses

Worms -
Fungi -
Algae .

Bacteria -

Mycoplasmas

Viruses

10° 104 10° 108 107 108 10° 10 10"

DNA content (bp)
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Eukaryotic genomes

Introns and Exons
Genes are interrupted by non-coding sequences (introns), requiring splicing to
generate functional mRNAs.

Regulatory Elements

Eukaryotic genomes contain extensive regulatory elements, including promoters,

enhancers, and silencers, to finely tune gene expression.

Upstream (5" Transcriptional unit Downstream (3")
flanking region | | flanking region
Exons
Mnrmn r
X == TATA box == I I I . =y’ dmsm Enhancer region mm
Promloter I [ ]| | L L | |
region Introns . .
5' non-coding 3' non-coding
sequence sequence
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Repetitive DNA

A large portion of eukaryotic genomes consists of —IGATAIGATAIGATAIGATAIGATAIGATA

repetitive DNA sequences, including tandem '

6 repeats

repeats and transposable elements.
- - R

DNA methylation and histone modifications v 4 soicing V)
regulate gene expression without altering the alternatively
. I oicec

underlying DNA sequence. MRNAS
multiple protein isoforms from a single gene,

Epigenetics

translation

Alternative Splicing
Eukaryotes utilize alternative splicing to produce *"’

protein
isoforms
increasing proteome diversity.

Non-Coding RNA tRNAS eNAS
Significant portions of eukaryotic genomes ,:%}O
snRNAs

transcribe non-coding RNAs, such as microRNAs IncRNAS
) . . miRNAs
and long non-coding RNAs, with regulatory roles. s% S
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¥ Transposons

Transposable element
Two types of transposable elements (TEs): / iy
e

3

Class 1: Retrotransposons (DNA-RNA-DNA) / e Ve

Class 2: DNA transposons (Alu)

Gene X

Transcribed in certan cel typas, profein product B active

Between 300,000 and 1 million copies of 300 bp
Alu repeats in human genome (15-17% of genome).

Protein product not functional

2 —

Tranecription activated in other cell types

85% of Maize’s genome consists of TEs. B g -

Mo effec

TEs in bacteria carry genes for antibiotic

resista nce. Homo sapiens (human) genome view
Build 36.3 statistics Switch to previous build

- . . -
Diseases can be caused by TEs including: || ,M, FoEE g
iji S T N T N S S
SEEEXIR1ERE S
¢ Hemophllla A and BI 1 i2 I3i .4. =5= .6. =?= :8: ;: =1a; l11. I12l 13
e Severe combined immunodeficiency (SCID), "= = = = = = = = = = ‘5[; R
. il 0. -
* Porphyria, N A A .
* Predisposition to cancer, and W o o 0 1 1= oz oz oz k4 b et sraeed
o Duchenne muscular dystrophy fits 44 4z 71 11@ 11 G 36 [ a5 21 13
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Retrotransposons

Retrovirus that have been incorporated to the genome are called Endogenous
retroviral sequences (ERV).

They are derived from ancient infections of germ cells in humans, mammals &
other vertebrates.

ERVs make up 5-8% of the human genome (98,000 elements).

Most insertions have no known function (junk DNA) but some play important
roles in host biology:

Control of gene transcription.
Control of cell fusion during placental development.
Resistance to exogenous retroviral infection.

Immunosuppresion
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ERVs are activated during pregnancy in viviparous
mammals (Eutremes).

Monotreme mammals still come from eggs.

They act as immunosupresors
protecting the embryo from its Trophoblastic lacunae
mother's immune system. SR A

Viral fusion proteins involved in the
formation of placental syncytium
limits cell migration (something an
epithelium will not do well, as
certain blood cells are able to
diapedize).

~-Extraembryonic
Loi o coelom

B L ' xtraembryonic
[ wsplanchnopleuric
e mesoderm

d Extragmbryonic
mic  somatopleuric mesoderm

membrang
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24 ERV families identified by Human Genome Project (HGP).
Class Il

Broadly classified into 3 classes, imormedite & |
on the basis of relatedness to By Spumelle
exogenous genera: g . @'f’ﬁ@-ﬁﬂg
> Class | are similar to the Delta
gammaretroviruses
‘*:: . Lent
> Class Il are similar to the o

_—AvE AIph a
X\—:\:‘“——-mm.cm. 1561688459
9901 “chrd-7733820 i@
m;wmgc’”u- 16350455
‘%% T3z,

e Tntermediate
%. Beta-like

betaretroviruses &
alpharetroviruses

> Class lll are similar to the

Spumaviruses
Class Il

B Primates incl. Human A Ungulates @ Fish
Felines @ Birds Amphibians
B Rodents Reptiles ® Insects
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Endoretroviral sequences

Human ERVs (hERVs) are suspected of involvement
in some autoimmune diseases (multiple sclerosis).

Especially human endogenous retrovirus W known
(MSRV).

Also a possible hERV involvement in the HELLP
(Hemolytic anemia, Elevated Liver enzymes & Low
Platelet count) syndrome & pre-eclampsia.

hERVs very likely associated with some types of
schizophrenia.
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The Major Histocompatibility Complex (MHC) constitutes the most polymorphic genetic
system in animals.

It was the first region to be exhaustively studied and the first to be sequenced by the HGP.
The MHC constitutes a large genomic region (3.6 Mbp) present in most vertebrates.

Chromosome 6

(Il IAEmE IR NN INIIEED

6p21.31 T - .
L O« w Om Lum <0 qu<a LoNT - - moLL o5
FoL ! Lo =ZF TT T Oo< =« o @ oo M g==sg <oo
g < JFfd La« SRS} Qn:n:n:éor 8 8 oo
222 2 23 555 EEEEE 08580 585
IITT
Class | Class Il Class |l

It constitutes the most genetically dense region of the mammalian genome (> 150 genes).
Average density of eukaryotes is 14 genes per Mbp, MHC density = ca 42 genes/Mbp.

It contains genes involved in the innate and adaptive immune response, with immune,
reproductive and inflammatory functions.
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HLA molecules

MHC-encoded HLA proteins present peptides to cells responsible for immune
surveillance.

CD8* T cell

CD94 NKG2A

peptide
—
~HLA-E— HLA
O oclassl
d pom
tumor cell
Cytoplasmic
Signal  «l a2 a3  Trans domain
peptide domain  domain domain membrane FUTR
— i m—
AATAA
Exon1 2 3 4 5 6 7 8
Intron 1 2 3 4 5 6 7
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HLA polymorphism

Numbers of HLA Alleles

The MHC is divided into three functionally

L. . HLA class I alleles 28409
distinct regions:
HLA class II alleles 12594
HLA alleles 41003
MHC class I, MHC class Ill and MHC class Il
. HLA class I
Polymorphic (many alleles), Complex (many
Gene A B (&5 E F G

genes) and Codominant (all genes

. Alleles 8556 10346 8657 376 115 176
expressed) genetic system.

Proteins 5004 6172 4776 141 22 52
. Nulls 449 370 388 10 3 6
And the number continues to grow...
HLA class II
Gene DRA DRE DQA1 DQAZ2 DQB1 DQBZ2 DPA1 DPA2 DPB1 DPB2 DMA DMB DOA DoB
Alleles 78 4812 872 42 2813 41 765 6 2795 7 62 100 121 80
Proteins 17 3168 448 11 1682 9 373 0 1611 0 9 9 16 17
Nulls 0 215 21 0 122 1 33 0 145 0 0 0 1 1

Q@ 12 DE\ [CRVig|WAY 1PD-IMGT/HLA Release 3.59.0 (2025-01)
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Classic Mendelian genetics only distinguished two types of genes: the Wild-type
(normally circulating) and the Mutant (the least common, initially the one that
produced a disease or phenotypic change).

Today we know that some genes have different variants that may or may not produce
phenotypic changes or disease, which is why they are not actually mutants = alleles.

In some instances it is not correct to use the term “wild-type” (HLA).
Genetic polymorphism = refers to the existence of multiple alleles for a gene.

A mutation is considered polymorphism when it is found in more than 1% of the
population.

Why more than 1%? Because the genetic drift that governs evolution gives rise to
new alleles all the time, not all of them are important because not all of them
stabilize their existence in a population (population fixation).
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Polymorphism

On the other hand, in those systems in which a wild-

type allele does exist, a more detailed scrutiny (nt DNA Size

Ladder

sequence could reveal that even the WT is itself
polymorphic).

Polymorphisms modify restriction sites, a fact that is
exploited for the production of Restriction Fragment
Length Polymorphism Maps (RFLP).

Bam HI Eco Rl Hind NI Control

Normally digestion by an enzyme produces specific
electrophoretic migration patterns that depend on
the existence of specific sequences for each enzyme
(restriction sites).

Some polymorphisms (mutations) modify these restriction sites and the electrophoretic
pattern generated.

Originally this was used for paternity testing and identity authentication (because we
have accumulated different types of mutations that make us different individuals).
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Polymorphism

Dr. Tano Ecorl SBATTC

57— ATGOGAATTCCGTTAAGCAGTGAGCTAGGCATGAATTCGTGCGATGCGTA -37
37— TACGCTTAAG CAATTCGTCACTCGATCCGTAETTAAGCACGATACGCAT -57

57 - ATGQGAATTC
3”- TACGCTTAAGGCAATTCGTCACTCGATCCGTACTCAAGCACGATACGCAT -5

LTI
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Polymorphism

Dr. Tano EcoRI

GIAATTC
CTTAA

57— ATGCGAATTCCGTTAAGCAGTGAGCTAGGCATGAATTCGTGCGATGCGTA -3”
37- TACGCTTAAGGCAATTCGTCACTCGATCCGTACTTAAGCACGATACGCAT -5~

57— ATGCGAATTCCGTTAAGCAGTGAGCTAGGCATGAGTTCGTGCGATGCGTA -3”
37- TACGCTTAAGGCAATTCGTCACTCGATCCGTACTCAAGCACGATACGCAT -5~

LTI

Cl'eative Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on
COMMONS this document, including commercial use, as long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

27



Polymorphism

Dr.

57 -
37 -

57 -
37 -

Tano EcoRl JAATTC

ATGCGAATTCCGTTAAGCAGTGAGCTAGGCATGAATTCGTGCGATGCGTA | -3
TACGCTTAAGGCAATTCGTCACTCGATCCGTA CACGATACGCAT | -5~

ATGC CGTTAAGCAGTGAGCTAGGCATGAGTTCGTGCGATGCGTA| -3~
TACGCTTAAGGCAATTCGTCACTCGATCCGTACTCAAGCACGATACGCAT| =57

LTI
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Thus, the RFLP of a normal person
(wild-type) could differ from that of a
sick person = a genetic marker for said
pathology.

This is the general principle behind
molecular epidemiology studies.

In perspective: the human genome has
4-5 million identified SNPs (as of 2018),
which are separated by approximately
1 Kbp.

Band is same in patient and normal
Unlinked polymorphism varies in all samples

Band is common to patients |
]
| Baridlammntomumlpouph>
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C-value Paradox

Genome size does not correlate with organism
complexity.

Non-coding DNA proportion: humans have
~98% non-coding DNA, while some simple
organisms have less.

Viral Genomes: Extremely compact, ranging
from a few thousand to over a million base
pairs, with minimal non-coding DNA.

Gene Density: Smaller genomes often have
higher gene density, while larger genomes
tend to have more repetitive and non-coding
sequences.

Comparative Insight: Genome size and
structure provide insights into evolutionary
history, adaptation, and complexity.

creative
commons

organism

model organisms

model bacteria E. coli
budding yeast 5. cerevisiae
fission yeast 5. pombe
amoeba D. discoideum
nematode C, efegans

fruit fly D. melanogaster
maodel plant A. thaliana
moss P patens

mouse M. musculus

human H. sapiens

viruses

hepatitis D virus (smallest known animal RNA virus)
HIV-1

influenza A

bacteriophage A

Pandaravirus salinus {largest known viral genome)

organelles

mitachandria - H. sapiens

mitechondria - 5. cerevisiae
chloroplast - A. thaliana

bacteria

C. ruddii (smallest genome of an endosymbiont bacteria)
M. genitalium (smallest genome of a free living bacteria)
H. pylori

Cyanobacteria 5. elongatus

methicillin-resistant 5. aureus (MRSA)

B. subtilis

5. cellulosum (largest known bacterial genome)

archaea

Nanoarchaeum equitans (smallest parasitic archaeal genome)
Thermoplasma acidophilum (flourishes in pH=<1)

Methanocaldococcus (Methanococcus) jannaschii
(from ocean battom hydrathermal vents; pressure =200 atm)

Pyrococcus furiosus (optimal temp 100°C)

eukaryotes - multicellular

pufferfish Fugu rubripes (smallest known vertebrate genome)
poplar £ trichocarpa (first tree genome sequenced)

corn £, mays

dog C. familiaris

chimpanzee P troglodytes

wheat T. gestivum (hexaploid)

marbled lungfish P. aethiopicus (largest known animal genome)
herb plant Paris japonica (largest known genome)

genome size
(base pairs)

46Mbp
12 Mbp
13 Mbp
34 Mbp
100 Mbp
140 Mbp
140 Mbp
510 Mbp
2.8Gbp
32Gbp

1.7Kb
9.7kbp
14 kbp
49 kbp
28Mbp

16.8 kbp

86 kbp
150 kbp

160 kbp
580 kbp
1.7 Mbp
2.7 Mbp
2.9 Mbp
4.3 Mbp
13 Mbp

490 kbp
1.6 Mbp

1.7 Mbp

1.9Mbp

400 Mbp
500 Mbp
23Gbp
24Gbp
3.3Gbp
16.8 Gbp
130 Gbp
150 Gbp

Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on
this document, including commercial use, as long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP".

protein

number of

coding genes chromosomes

4,300
6,600
4,800
13,000

20,000
14,000

27,000
28,000

20,000

21,000

1
9
11
66

2500

13 (+22 tRNA
+2 rRNA)

8
100

182
470
1,600
3,000
2,700
4,100
9,400

550
1,500

1,700

2,000

19,000
46,000
33,000
19,000
19,000
95,000
unknown

unknown

16

3

6
12 (2n)
8(2n)
10 (2n)

27
40 (2n)
46 (2n)

ssRNA
2 ssRANA (2n)
8 ssRNA
1 dsDNA
1 dsDNA

22

19
20(2n)

40
48 (2n)

42 (2n=6x)

34 (2n)
40(2n)
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€

Amoeba dubia (Polychaos dubium)
670 Gbp (200x HoSa)

Adder’s-tongue Fern (Ophioglossum)
1400 Chromosomes

’
v []

Tiny fern (Tmesipteris oblanceolate)
160 Gbp (50x HoSa)
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Homo sapiens
46 cromosomas, l _‘

6,469°660,000 bp (diploide) =

'u--"l--’ ,jr,’&&

’ F
) <% " W >
. . ’i . b

» L
Fotografia del Oaxaquefio Diego Huerta : *’ r
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71 Content copyright and license

The Viral and Human Genomics Laboratory is committed to promoting the human rights of free access to
knowledge and to receiving the benefits of scientific progress and its applications by providing universal
access to all the resources and publications it produces. This is in agreement with article 15 of the United
Nations International Covenant on Economic, Social and Cultural Rights published on April 30, 2020.

All information included in this document is in the public domain, was compiled by the licensor and is
distributed under a Creative Commons Attribution 4.0 International (CC BY 4.0 DEED) license which grants
the licensee (you) the right to copy, remix, transform, develop and redistribute the material in any medium or
format for any purpose, including commercial purposes provided that:

1) Corresponding credit is given to the licensor as “CA Garcia-Sepulveda, Laboratory of Viral and Human
Genomics UASLP”,

2) Any changes to the original document are indicated and,

3) In no way suggest that the licensor endorses the derivative work.

All rights reserved © 2024 CA Garcia-Sepulveda, Laboratory of Viral and Human Genomics UASLP

(Last updated: August 23, © 2024.)
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