Chapter 2

Genome Organization and
Evolution
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Genomes, transcriptomes, and Proteomes
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Bacterial genome comes from a single DNA molecule of about 5 million
characters.
The DNA of higher organisms is organized into chromosomes: normal
human cells contain 23 chromosome pairs
The total amount of the genetic information per cell — the sequence of
nucleotides of DNA — is very nearly constant for all members of a
species, but varies widely between species
The number of protein sequences cannot be easily assessed from
genome size

=>» Some genes exist in the body as multiple copies
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— An exon is a stretch of DNA retained in the mature mRNA that the ribosome

translates into protein.

— An intron is an intervening region between two exons.
— Many introns are very long — in some cases substantially longer than the

exons
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Genome Sizes

Number of Number of
Organism base pairs genes Comment
bX-174 5386 10 virus infecting E. coli
Human mitochondrion 16 569 37 subcellular organelle
Epstein-Barr virus (EBV) 172282 80 cause of mononucleosis
Mycoplasma prneumoniae 816 394 680 cause of cyclic pneumonia
epidemics
Rickettsia prowazekii 1111523 834 bacterium, cause of epidemic
typhus
Treponema pallidum 1138011 1039 bacterium, cause of syphilis
Borrelia burgdorferi 1471725 1738 bacterium, cause of Lyme
disease
Aquifex aeolicus 1551335 1749 bacterium from hot spring
Thermoplasma acidophilum 1 564 905 1509 archaeal prokaryote, lacks
cell wall
Campylobacter jejuni 1641481 1708 frequent cause of food poisoning
Helicobacter pylori 1667 867 1589 chief cause of stomach ulcers
Methanococcus jannaschii 1664970 1783 archaeal prokaryorte,
thermophile
Haemophilus influenzae 1830138 1738 bacterium, cause of middle ear
infections
Thermotoga maritima 1860725 1879 marine bacterium
Archaeoglobus fulgidus 2178 400 2437 another archaeon
Deinococcus radiodurans 3284156 3187 radiation-resistant bacterium
Synechocystis 3573470 4 003 cyanobacterium, ‘blue-green
alga’
—
Genome Sizes (continued)
Vibrio cholerae 4033 460 3890 cause of cholera
Mycobacterium tuberculosis 4411532 3959 cause of tuberculosis
Bacillus subtilis 4214814 4779 popular in molecular biology
Escherichia coli 4639221 4377 maolecular biologists’ all-time
favourite
Pseudomonas aeruginosa 6264403 5570 one of largest prokaryote
genomes sequenced
Saccharomyces cerevisiae 12 495 682 5770 yeast, first eukaryotic genome
sequenced.
Caenorhabditis elegans 103006709 20598 the worm
Arabidopsis thaliana 115409949 25498 flowering plant (angiosperm)
Drosophila melanogaster 128343463 13525 the fruit fly
Takiugu rubripes 329X 105 340807 puffer fish (fugu fish)
Human 3223 X 10° 230000
Wheat 16 X 10° 30000
Salamander 1on ?

Psilotum nudum 2.5 10" ? whisk fern—a simple plant



« The genes that code for proteins, and for structural RNA
molecules, present only the static picture of the genome.



F-0 F A8 5 frfg & = (Proteomes and Transcriptomics)

* An organism’s genome gives a complete specification of
the potential life of that individual

« What reveals the activity of a cell at any instant, at the
molecular level, is the set of RNAs being transcribed and
the set of proteins synthesized



« Inventories of RNA molecules and proteins in cells deal in a
more direct and integral way with cellular status and
activity.

« These data are subjects of the transcriptome and Proteome
projects

« A large-scale programme dealing in an integral way with
patterns of expression of proteins in biological systems, in
ways that complement and extend genome projects.

#—v F 48 5 (Proteomes)

« In principle, a database of amino acid sequences of proteins is
inherent in the database of nucleotide sequences of DNA, by virtue
of the genetic code.

» New protein sequence data are now being determined by translation
of DNA sequences, rather than by direct sequencing of proteins.

— Should any distinction be made?

« First, we must assume that it is possible correctly to identify within

the DNA data stream the regions that encode proteins

— A protein inferred from a genome sequence is a hypothetical object until an
experiment verifies its existence.



 The pattern recognition programs are subjected to three types of
errors:

— A genuine protein sequence may be missed entirely
— An incomplete protein may be reported
— A gene may be incorrectly spliced

« Second, in many cases the expression of a gene produces a molecule
that must be modified with a cell, to make a mature protein that
differs significantly from the one suggested by translation of the
gene sequence.

— In many cases the missing details of post-translational modification
are quite important

— In some cases, MRNA is edited before translation, creating changes in amino
acid sequences that are not inferable from the genes.

Eavesdropping (% #) on the transmission of
genetic information

« How hereditary (i i# ) information is stored, passed on, and
implemented is perhaps the fundamental problem of biology.
« 3 types of maps have been essential:
— Linkage maps of genes (Gene map)
— Banding patterns of chromosomes (Chromosome map)
— DNA sequences (Sequence map)



Gene maps, chromosome maps, and sequence maps

1. A gene map is classically determined by observed patterns of heredity.
Linkage groups and recombination frequencies can detect whether genes
are on the same or different chromosomes, and, for genes on the same
chromosome, how far apart they are. The principle is that the farther
apart two linked genes are, the more likely they are to recombine, by
crossing over during meiosis. Indeed, two genes on the same chromo-
some but very far apart will appear to be unlinked. The unit of length in
a gene map is the Morgan, defined by the relation that 1 cM corresponds
to a 1% recombination frequency. (We now know that 1 cM ~ 1 X 108 bp
in humans, but it varies with the location in the genome and with the
distance between genes.)
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. Chromosome banding pattern maps Chromosomes are physical
objects. Banding patterns are visible features on them. The nomenclature
is as follows: In many organisms, chromosomes are numbered in order of
size, 1 being the largest. The two arms of human chromosomes, separated

by the centromere, are called the p (petite = short) arm and q (= queue)
arm. Regions within the chromosome are numbered pl, p2,...and ql,
q2 ...outward from the centromere. Subsequent digits indicate sub-

divisions of bands. For example, certain bands on the q arm of human chro-
mosome 15 are labelled 15q11.1, 15q11.2, 15q12. Originally bands 15q11
and 15q12 were defined; subsequently 1511 was divided into 15q11.1 and
15q11.2. Deletions including this region are associated with Prader-
Willi and Angleman syndromes. These syndromes have the interesting
feature that the alternative clinical consequences depend on whether the
affected chromosome is paternal or maternal. This observation of genomic
imprinting shows that the genetic information in a fertilized egg is not
simply the bare DNA sequences contributed by the parents. Chromosomes
of paternal and maternal origin have different states of methylation, sig-
nals for differential expression of their genes. The process of modifying
the DNA which takes place during differentiation in development is
already present in the zygote.

3. The DNA sequence itself Physically a sequence of nucleotides in the
molecule, computationally a string of characters A, T, G and C. Genes are
regions of the sequence, in many cases interrupted by non-coding regions.

Identification of genes associated with
Inherited diseases

« Given a disease attributable to a defective protein:
— If we know the protein involved, we can pursue rational
approaches to therapy
— If we know the gene involved, we can devise tests to identify
sufferers or carriers
— In many cases, knowledge of the chromosomal location of
the gene is unnecessary for either therapy or detection;

« it’s required only for identifying the gene, providing a bridge
between the patterns of inheritance and the DNA sequence
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« A chromosome contains many genes of different sizes and
types, called a gene linkage group. Therefore, it can also be
said that humans have 46 gene linkage groups. Each gene has
a fixed location on the chromosome called a locus.
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» What is a "pair" of chromosomes? Who pairs with whom? Each g >

chromosome in human cells is a paired organism, called a diploid % § § ¢
organism. Pairs of chromosomes are called homologous A *hRER
chromosomes, and they have the same genetic locus (loci). A gene

may have many copies, called alleles. In the figure, the dual genes C,

C2, and C3 all have the chance to occupy the same position (gene

locus). But no matter how many copies a gene has, human cells only

collect two and place them on a "pair" of homologous chromosomes.
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 Therefore, in a pair of homologous chromosomes, all the
genes they carry are roughly the same, but they may have
different versions.

Picking out genes in genomes
TSI N

« ORF (open reading frame): a region of DNA sequence that begins
with an initiation codon (ATG) and ends with a stop codon.

« An ORF is a potential protein-coding region
« Approaches to identifying protein-coding regions choose from or

combine 2 possible ways:
1. Detection of regions similar to known coding regions from other
organisms
2. Abinitio (/g &) methods, that seek to identify genes from the
properties of the DNA sequences themselves

10
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F % 4 3= £ 7148 Genomes of prokaryotes
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(The protein-coding sequences of the bacterial genome do not
contain intron)
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(In the genome of typical prokaryotes, there are only a very small
number of uncoded DNA segments compared to eukaryotes.)
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= %5 1% 7 78 F148 (Genome of the bacterium E. Coli) :
4,639,221 bp H - 3% K DNA% =+ (asingle circular DNA molecule,

with no plastids)

89%F 7| % A8 * fd-v F B HDNA - (89% of the sequence
codes for proteins or structural RNAS)

4824 protein-coding genes
122 structural RNA genes

1% % & AT > ORFT 35+ -] 4 317 Amino acids (Average size

of an ORF is 317 amino acids)

Bt h3-0 B ARG EEE 0 4%1730% o (the largest class of
proteins is the enzymes, 30% of total genes)
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Entrez Gene

You can now use Entrez to search for
information centered on the concept of a
gene, and connect to many sources of related
information both within and outside NCBI.

PubMed Central

An archive of life sciences journals
@ Free fulltext

@ Over 200,000 articles from over 140 journals
# Linked to PubMed and fully searchable

Use of PubMed Central requires no registration or fee
Access it from any computer with an Internet connection

» NCBI Newsletter
Entrez Query Goes "Global"

The new Entrez cross-database search page
allows simultansous searching of over twenty
databases. Read in-depth about the global
query feature in the most recent NCBI Naws

Mational Center for Bictechnalagy Infarmation

LS National Library of Medicine
OCNN Do lvilla Dilea Bathosds W0 20004

¥ LocusLink

» Malatia genetics &
genomics

¥ hap Wiewer
» dbMHC

» Mouse genome
resources

¥ ORF finder

» Rat genome
resources

¥ Reference
sequence project

¥ Retrovirus
resources

» SAGEmap

¥ SKY/CGH
database

» Trace archive
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d FList 220
Acinetoh bR HC 005%66 3598621 bp Jul 92004
Agrohacterinm turnefariens str. C58 crenlar  NC_003062 2841581 bp Oct 32001
Agrohacteriumn turmefaciens str, C58 linear NC_003063 2074742 bp Oct 32001
Agrohacterinm tumefaciens str C58 cienlar  WC 003304 2841490 bp Dec 14 2001
Agrohacterinmn turnefaciens str, C38 lincar HC_003308 2075560 bp Dec 14 2001
Anaplasma marginale st St Maries HC 004342 1197687 bp Dec 8 2004
Aquifex apolicus VES HC 000318 1551335 bp Sep 72001
Azcarcys sp, BN HC_ 006513 4296230 bp Dec 9 2004
Bacillus anthracis str. ‘Ares Ancestor’ HC 007530 5227419 bp May 20 2004
Bacillus anthracts str, 42012 NC_003594 5093554 bp Jun 132002
Bacillus anthracts str, Armes NC_003337 5227293 bp Apr 302003
Bacillus anthracis str, Steme NC 00535 5228663 bp Jun 24 2004
Bacillus cerpus ATOC 10087 HC_003sn 5224283 bp Feb24 2004
Bacillus cepeus ATOC 14579 HC 004722 S411809bp Apc 172003
Bacillus cerens ZE NC 006271 5300915 bp Sep 162004
Biacillus clausii KSM-E16 HC_006582 4303871 bp Jan 3 2005
Barillus halodurans C-125 HC 0057 4202352 bp Sep 102001
Bacillus licheniformnis ATCC 14580 NC_006270 4222334 bp Sep 15 2004
Bacillus licheniformais ATCC 14580 NC_ 006322 4223645 bp Sep 2% 2004
Bacillus subtilis subep, subtilis str, 168 HC 000561 4214630 bp Mo 20 1967 LI
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» Genomic Biclogy Genome Resources| ) |
NCEI provides several genomic biclogy tools and resources, including | * Eunzal GE“‘_WS Central te
organism-specific pages that include links to many web sites and » Genome Projects Database
databases relevant to that species. We invite you to explore the links Eukaryotic
provided on this page Fung
Insects
» Genome Resources Workshops Mammal:
Meeting Slides Date Flants
Plant and Animal Genome XY PDF  January 2006 » Map Viewer
b Organelles —
» Announcements and Updates » Plant Genomes Central
» Viral Rescurces
Map Viewer - genome annotation updates: Tuflusnza Virus Resource
Species Build Map Viewer Release Retroviruses
Homo sapiens 36.1  March 3, 2006 ot
Mus muscuius 351 December 12, 2005 Viral Genomes
Dictyostelivmn discoideum 1.1 MNowernber 22, 2005 o —
Casnorhabaiis elegans WS144  November 22, 2005 Organism-Specific |
Arabidopsis thalians TAIRB.0  Movernber 21, 2005 (D Genome Resources
Bos taurus (cow) 2.1 October 12, 2005 J BLAST
Canis familiaris (dog] 2.1 Septemberd, 2005 @Map N o
Strongylocentrotis purpuratus (sea urchin 1.1 August 17, 2005 D GenomeProject DB
Drosophila melsnogaster (fruit fly 4.1 July 28, 2005 Yect
Danio rerio (zebrafish Zvd July 5, 2008 » Arabidopsis o0
Anopheles gambize (mosquito 2.2 June 30, 2005 B P
. » A B
Apis mellfers (hee) 21 May 31, 2008 spergilus e ‘f’@ 9
Rattus nonvegicus (rat 3.1 April 26, 2005 » Bee (C e IMEP)
Pan troglodites (Chimpanzee 1.1 MNowernber 23, 2004 » Beetle new @0 0
Homo sapiens (human 35.1 August 29, 2004 " o
omo sapiens (human) 9 » Cat ouoe v
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A Complete Microbial Genomes - Microsoft Infernet Explorer
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Enterocoecys faecalis V543 B Firmicues 336 374 1 3 AEDIGE0 NC OGS 03/29/2003 TICR TPCDLSFR
Erwinia carctovora Subsp. atosepica SCRIOH B Commaotsobeciera 506 51 1 BIO50851. NC COISI7 072172004 SCBE Tty p oy ) g p g
e anger Institute
Eithrobactr ltoralis HTOC2594 B Aumowckwcesa 305 6.1 1 RIS NG 00722 031172008 FoaV®  pp G SE
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University of
B Gommamceohcedin 464 50 1 VD006 NG 000913 09/D5/1997 Wisoonsine TPCDLSER
Magiscn, USA
0 Commepoeckiceda 559 50 1 2 BACOOD? NC 002695 03/29/2000 OsdaUsv,.  TPCDLSFR
University of
Escherichia ooli Q1577 EDLS33 B Commapoeokectria 562 50 1 1 AEXSI% NC 03655 022472001 Wisconsine TPCDLSFR
Mariscn, USA
Mara Institute of
Escherichia ool W3110 B Commaprowchecerda  ° 4.65 1 APOCOOME AC_000091 0172342006 Sciemce and R
Technology
Lawence
Fuaneisell tulazeasis subsp, holactca 0 Commepoeckiced 19 322 1 AM23IE) NC C0TARD 030042006 120000
Laboratery
Broncielp hveosis sobop e SCHU- - Gerpeclaceds 149 3231 armoas N oresm 12n7n008 SIhIEE rp oy g pR
o AING NC 006570 suhfony [ECDLSER
DOE Joint
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2} Genome Resnlt - Microsoft Internet Explorer
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Genome > Bacteria > Escherichia coli str. K-12 substr. MG1655, complete genome Links

coli str. K-12 substr. BMIG1655

Lineage: Bactenia, Protecbactena; Gammaproteobactena; Entercbacteniales, Entercbacteriaceae; Escherichia; Eschenchia coli, Escherichia coli K-12; Escherichia

Genome Info: Features: AT Links: Review Info:
Tomologs:
Refseq: WC_000913 | Genes: 4466 coG Genome Project Publications: [3]
GenBank: U0009E6  Protein coding: 4131 | Tahap Refseq FTP Refseq Status: PROVISIONAL
\;:ngth 4639675 Structural RNAS TaxPlat GenBank FTP Seq.3tatus: Completed
GC Content: 50% | Pseudo genes: 168 BLAST U e LT,
isconsin

% Coding: 85% Others: 578 ahlap Completed: 2001/10/15
Topology: circular | Contigs: None (o]0}
Molacule: DNA Other genomes for species:

141
Gene Cl ion based on COG functional Search gene, GenelD or lacus_tag; I:I 1

4538675 nt
4 Zoom b .
1nt 9,803 nt
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Summary sequence view - Microsoft Internet Explorer
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Escherichia coli K12, complete genome Microbial gencmes b |
BLAST protein homologs:
COGs (Ciusters of Orthologous Groups)
3D Etruct ith ke
Aecession: HC_000913 Feature tahle: ﬁ@“‘”mw’ o
Totel Bases: 4639221 bp Protein coding genes Taghl .
Completed: Oct 15, 2001. Structural FNAS ‘Esup“;néiz‘}““;"m Eroupee Y
TazPlot (3-way genome comparisor)
CDD(Conserred Domain Database)
Contributor: Univ. Wisconsin
Download chromosome sequence data from HCETFTE site
BLAST your query sequence against the genome
satfor] Seachforgenel |
Protein coding genes distribution map
To ses map locations of genes, click on a region in the map,
0 Zoom in on that region
\\ H Gene C1 jon based on (O functional
! | Translation, ribosomal structure and biogenesis
Transcription
R replication, recombination and repair
Cell division and chramosomne partitioning
Pasttrans|ational modification, protein turnoust
Cell envelope biogenesis, outer membrane
Cell motility and secretion
Inorganic ion transport and metsbolism
Signal transduction mechanisms
Energy production and Conuersion
Carbohydrate transport and metabolism
Amino acid transport and metabol ism
Hucleotide transport and metabolism
Coenzyme m ™
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* Genome of archaeon Methanococcus :
— Belongs to archaea, prokaryotes

— Can adapt to harsh environmental conditions such as high
temperature, high pressure, or high salt concentration

— Archaea are in some ways more closely related to eukaryotes than
bacteria

— The transcription, translation and regulatory functions involved in
proteins are closer to those of eukaryotes

— But the metabolism is closer to that of bacteria

2} Genomes - Mictosoft Internet Explorer
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Help

[CLimits Index Histary Cliphoard
| Complete Archaea I'List Total: 119
oIganism name accession length proteins RNAs genes create_date update_date —
Acidianus ambivalens plsmid pDL1O MC 005562 7598nt 10 0 pis] Aprl51998 Jul 17 2008
Acidianns hospitalis plasmid pAH1 NC 011293 286490t 39 0 ¥ Sep 30 2008 Sep 30 2008
Bropyrm pemix K1 chromesomne NC O00BSE 1669696 nt 1200 2 1758 Juls 2001 Decd 2007
Archaenglobns fulgidus DEM 4304 chromeserne HC 000017 2178400 nt 2420 49 186 Decl171997 Jul 21 2008
Caldiviy, i is [C-167 chromeseme NC 006054 2077567 nt 1563 45 45 Mov2 2007 Jan 25 2008
Candidatos Korrchazum cryptofilum OFFR chromosome NC DI0482 1590757 ot 1602 43 166l Mar 192008 Jul 28 2008
Candidatus Methantregnla boonsi 648 chromesome NC 006712 2542043 nt 2450 53 2513 Jul302007 Jul 30 2008
Candidatus Methancsphaerula palustris B1-Gc chromcseme NC 011832 2522017 nt 2655 i} 2866 Jan 92008 Jan 32009
Cenarchaeum syrabiosurm & chromeserne HE_GOO1BG 2045086 nt 2017 49 W65 Apr22008 Dec 162008
Cenarchaeum symbiosurn B chromeserne HE_ 00190 2082083 nt 1} 1} Apr 32008 Diec 162008
Desulfurcococus Jamchatiensis 1221n chromosome NC OI766 1365223 nt 1471 50 1523 Dec292008 Diec 292008
Haloaronla marismartnl ATOC 43049 chromeseme 1 NC 00639 3131724 nt 3131 55 3B MNevd 2004 Decd 2007
Haloaronla marismortmi ATOC 43049 chromesemae 11 NC 006397 283050nt 281 4 285 HNov 4 2004 Decd 2007
Haloarcnls marismortnl ATCC 43049 plasmid pHGIOD MG 006380 33303 nt 36 [1} 36 Mo 4 2004 War 302006
Haloarculs marismortal ATOC 43049 plasmid pHG200  MC 006390 33452nt 42 [1} 42 Hov 4 2004 Dec 4 2007
Haloarcula marismortal ATOC 43045 plasmid pHG300  MC 006391 39521 at 40 1} 40 Mov 4 2004 War 30 2006
Haloaronla marismorti ATOC 43049 plasmid pHGI00  NC 006352 50060nt 51 0 5 Hov 4 2004 Mar 30 2006
Haloarcnla marismortmi ATOC 43049 plasmid pRIGS00  NC 006353 132678 mt 131 0 13 Mo 4 2004 Mar 30 2006
Haloarcnls marismortol ATOC 43049 plasmid pHGE0  NC 0630 155300nt 166 1 187 Mov 4 2004 Dec 4 2007
Haloarcula rarismortal ATOC 43045 plasmid pHG0  MC 006395 410554 nt 362 1 363 Hov 4 2004 Diec 4 2007
Haloarcula sp, AS70R plasmid pSCM201 MC 006426 Jd6dnt 4 0 4 Moy 13 2004 Aug 31 2006
Halokacterinm salinamm plasmid pHHI06  NC 003158 16341nt 33 i} 33 Oct 162001 Mar 4 2008
Halobacteinr salinamrn plasmid pHSE NC 002121 1736nt 1 0 1 Arr21988 Mar 26 2008
Halobarterinmn salinamm plasmid pPHHL - MC 010088 12041 nt 20 [1} n Aprl 1992 Jul17 2008
Haloharterinmn saliname 1 chromasnne NC 0103 9000080 nt 21100 2] 285 Feh 129008 Tl 309008 M
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Genome Result - Microsoft Internet Explozer
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Genome > Archaea > Methanocaldococcus jannaschii DSM 2661, complete genome Links

Lineage: Archaca; Eurvarchasota, Methanococcy, Methanococcales; Methanocaldococcaceae; Methanocaldococcus; Methanocaldococcus jannaschu;
Methanocaldococcus jannaschii DEM 2661

Chromosomes: gename, extra-chrl
Or lles: extrachrem-exira-chr2

Genome Info: Features: BLAST homologs: | Links: Review Info:

Refseq: NC_000909 Genes: 1772 LOoG Genome Project Publications: [2]

GenBank: 77117 Protein coding: 1723 Taxhap Refseq FTP Refseq Status: Provisional
Length: 1,664,970 nt | Structural RNAS: 43 TaxPlot GenBank FTP Seq.Status: Completed
GC Content: 31% Pseudo genes: None GenePlot BLAST Sequencing center. TIGR
% Coding: 88% Others: None Completed: 2001/09/10
Topology: circular Contigs: 1 coo

Molecule: dsDNA

Gene C1 1 hased on COG functional Search gene, GenelD orlocus_tag | |_Find Gene |
4 Zoom

1nt 11,573 nt ~
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) Summary sequence view - Microsoft Internet Explorer

HEE #ED ®HEO #SEL IAD HBE® "
Y A D) A e A
g - ) < >
Qrx-© HEG Ons Jomes @re @ 31
(D) €] hitp . nebialm i, govfgmomesremilL.c gl Mb=lenome fgi=28 = LN
Methanococcus jannaschii complete genome Microbial genomes L]
BLAST protein homologs:
COGs (Clustars of Orthalogous Groups)
30 Struch ith ki
Acaession: NC_000509 Feature table: ﬁ(&wmsm o
Taotal Bases: 1664970 by Protein coding genes T
Protein coding genes ablap (Sequences grouped by
Completed: Sep 10, 2001 Structural RNAs superkingdom)
TaxPlot (3-way genome comparison)
CDD(Conserved Domain Datahase)
Contributor: TIGR
Download chromosome sequence data from NCBIETP site
BLAST your query sequence against the genome 4
Sanfom| Sewchforgens| |
Protein coding genes disiribution map
Ta see map locations of genes, click on a region in the map,
10 zoomin on that region
J Gene C hased on COG functional
. 4 HapoeL
HH540 (. Translation, ribosomal structure and biogenesis
> ih Transeription
3 & \ IHA replication, reconbinstion and repair
< &% Cell division and chromosome partitioning
% Posttrans ational medification, protein +
a0 C Tel1 srie 5% Brommnes s, ouser menbeang
= el motility and secretion
=Jz Inorganic ion transport snd metspolisn
= Signal transduction mechanisms
Energy product ion and conversion
— = Carbohydrate transport and metsbolisn
P fwing acid transpart and metabolisw
141264 iy Hucleotide transport and metabol ism
i = THI0561 Coenzyme_metsbolisn
e L Lipid metabol ism &
ofnclans | motaheil toc hincinthos i _trancoort o v

e s o3 LT O (L # %M & % XKOBO®+— x =< >=3 % LTmom bk okgoe,
har (RiE) o3
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One of the simplest microorganisms: Mycoplasma genome

#_— AR % W ) (an infectious bacterium)

A 7148 = 5 - DNAA + > 7 3 580070 bp (The genome is a
single DNA molecule containing 580070 bp)

I5P 5 BERFAR R A I Y Eo] (To date,
Mycoplasma has the smallest genome to be decoded)

BRI A s B 2 E b a4 & 48 (The smallest and
independent living organism closest to microorganisms)

85%F 7| 5 5 A ¥ ac 0 X3 4681 & F](85% of the sequences
have coding functions, about 468 genes)

2} Genome Resnlt - Microsoft Internet Explorer

WED REED ®RO BSEEW IAD HA® i

Q- O HEBG Pusfrmes @ 2-2 -l 3

A4 (D) €] hitp:thwor nebinlm. dopt=0r _vis=26 v Bnz
~

Genome > Bacteria > Mycoplasma genitalium G37, complete genome Links

Lineage: Bactenia, Tenericutes, Mollicutes; Mycoplasmatales, Mycoplasmataceae; Mycoplasma; Mycoplasma gemtalum; hMycoplasma gentalium G37

Genome Info: Features: BLAST homologs: Links: Review Info:

Refseq: NC_D00908 Genes: 525 COG Genome Project Publications: [4]

GenBank: L43967 Protein coding: 476 Tautdap Refseq FTP Refseq Status: Provisional
Length: 580,076 nt Structural RMAs: 43 | TaxPlat GenBank FTP Seq. Status: Completed
GC Content: 31% Pseudo genes: 6 GenePlot BLAST Sequencing center; TIGR

% Coding: 90% Others: 5 ahap Completed: 2001/01/08
Topalogy: circular Contigs: 1 Coo

Malecule: dsDNA

Gene C1 based on COG functional Search gene, GenelD or locus_tag I:l

580076 nt
| Znom » e
1nt 12,724 nt ™| s
- ;\:‘w‘? N\
MG_o02 avre S tmk o [ N
dnaN trmE \ 7] f
P N

TN

ayA

Click here for Sequence Viewer pressntation (base sequence and aligned amino acids) of sslectsd region




Summary sequence rosoft Infernet Explozer

BEP #8D BWA0 IEBQ IAD HEO i
Qtrz-Q HE @ Pu= Jrome @ue @ -2 B -[)

D) \ej et bk nih govigenoimesiframik ¢ giM b=Crennmme fgi=26

Mycoplasma genitalimm, complete genome Iicrobial genomes

BLAST protein homologs:
C00s (Ciusters of Orthologous Groups)
3D Structure (Sequences with known

Accession: NC_00090% Feature tahle: Stracture)
Total Bases: 530074 by Erotein coding genes Taxdlap (Sequences grouped by

Completed: Jang, 2001, Structural RHAS superkngdon)
TasPlot (3-way genome comparisor)
COD(Conserred Domain Database)
Contributor: TIGR

Download chromosome sequence data from HEBI FTE site

BLAST your query sequence against the genome b

sanfom| Seachorgne |

Protein coding genes distribution.
To see map locations of genes, click on 4 region in the map,
0 zoom in on that region

Gene Cl. 1 based on COG functional

¥ HGOOL: /
nﬁ427\ I /“3041 Translation, ribosomal structure and biogenesis
i v
W

Transeription

IHA replication, recombination and repair
Cel| division and chramosons partitioning
t079 Fosttrans|ational modification, protein turnover

Cell enwelope biogenesis, outer membrane
Cell notility and secretion
= Tnorganic ion transport and metabolism
Signal transduction mechanisms
L= Energy production snd conversion
G119 Carbohydrate transport and metabolism
— ¥ fiming scid transport and metabol ism
Hoeleotide transport and metsbol ism
Coenzyme_metabalism

oL AE EIPIGMETabalish, hd
[ r ¢ 0# %&=»» X 0@0®+ — = + < >= 4 ¥ £ 7T mmk ko,

A P2z (51E) Ox

B 54 25 7148 (Genome of eukaryotes)

—

i%# 7 (baker’s yeast) 25 F] 48

A4 (C. elegans) 44 )48

% #% (Fruit fly, Drosophila melanogaster) £ #] 44
e £ 4 % (Arabidopsis thaliana) £ #]48
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« Majority of DNA is in the nucleus, separated into bundles of
nucleoprotein, the chromosomes.
— Each chromosome contains a single double-stranded DNA molecule.
— Smaller amounts of DNA appear in organelles (?z %) — mitochondria
(%1 %8) and chloroplasts (£ . $#)
* Nuclear genomes of different species vary widely in size

— Correlation between genome size and complexity of the organism is
very rough
— In many cases, reflect different amounts of simple repetitive
sequences, often referred to as “junk DNA.”
 Garbage you throw away, junk you keep around!

:} Y G0 -, o GIUCOSE C-C-C-C-C~C

1§ k o £FF :

AR/ g..vclos-= 5 o. Thethree subpathways of respiration:

v 1. Glycolysis occurs in the cytoplasm,
/ pyruvate ¢-C-C 7
4 V| producing 2 ATP molecules.
_....—»/,j'/ { / f / 2. The Krebs cycle occurs in the matrix,
A4 # 4 producing 2 ATP molecules
ADP i A 3. The respiratory chain is located on
) _;_‘,‘;;j'/ 3 the cristae, it requires oxygen to com-
1'5‘:?‘"" & plete, producing 34 APT molecules.
TP ¥°\ embrane
f { = pac:
\ \,_' .....
|I l\ A< matrix
Y\ ¥
<2 - CO;
H
il R [
: Ly l
/ « 4 'r'“-'
YRS iy
ourex f - 7 AR X
S B -‘*.-~ —
el
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Inventory (= P ) of an eukaryotic genome

A & 14 & 47 DNA (moderately repetitive DNA)
— ¥ ¢ 1 functional
« & %74k F] 72% dispersed gene families
o B B A 7] 72% "L 71| tandem gene family arrays
— & ¥ 5 without known function
 SINES: short interspersed elements
— 200—300 bp long
— $¢7% fe & scattered locations
 LINES: long interspersed elements
— 1—5kbp
— # 1 % %13 10—1000074F % 4¢ (10-10000 copies per gene)
— 1% 7 %] pseudogenes

21



« 3 & £ 47 DNA (highly repetitive DNA)
— | f# & 2 A& minisatellites
e 14500 bp & B & =& 45 4 F] 7 %2 = (composed of repeats of 14-500 bp segments)
» 1—5kbp long
« Many different ones
« Scattered throughout the genome
— Hcigk 28 A microsatellites
« Composed of repeats of up to 13 bp
 ~100s of kb long
« ~10"6 copies/genome
— %% telomeres
« Contain a short repeat unit
« 250—1000 repeats at the end of each chromosome

Difference with genome of eukaryotes

e Variation in DNA content

 Vary in the number of chromosomes and distribution of
genes among them
— Some differences in the distribution of genes among

chromosomes involve translocations ( Be# i=* ) | or
chromosome fragmentations (4 %]) or joins (& &).

— For example, human (23 pairs) and chimpanzees (24 pairs), see
Fig. 2.3
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1 2 3 4
Human and Chimpanzee Chromosomes 1-4
(Chromosome on left of each pair is human)

i ] T

Saccharomyces cerevisiae (baker’s yeast)

One of the simplest known eukaryotic organisms

Its cells contain a nucleus and other specialized intracellular
compartments

Sequencing of its genome: 1992

12057500 bp distributed over 16 chromosomes

6172 predicted protein-coding genes:
— 140 for ribosomal RNAs

— 40 for small nuclear RNAs
— 275 transfer RNA genes
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 Yeast genome is denser in coding regions than the known genomes
of the more complex eukaryotes (32 & > A % > % %) in two
respects:

— Introns are relatively rare, and relatively small. Only 231 genes in yeast
contain introns

— There are fewer repeat sequences compared with more complex
eukaryotes.
« Of 6172 potential genes,
— 4000~5000, a function can be assigned, with varying degree of confidence
— ~1000 contain some similarity to known proteins in other species

— Another ~800 are similar to ORFs in other genomes that correspond to
known proteins
« Many of these homologues appear in prokaryotes
 Only ~1/3 of yeast proteins have identifiable homologues in the human genome

Yeast Genes classification

(=6 -
- - - - A
[ e e heimboltz-muenchende/sc £ - 8 © X || DonitTrash Thse Gen |k ONAmeyleadin] @ cenke -cvon-Th. x| | (o

x Google -|*g28 .| Esgz» Bl FlHuanTingChang- X - &= ~ x @)~/

__mips

i
for protein sequences

fi v B -2 & - SEO)- =260~ IRO)- @~ AN O

GenRE G'";,'.,.‘.:.‘.:‘:,'uh Navigation: » CYGD » Home

asCYGD
9" to the MIPS yces cerevisiae genome database

[Comprehensivey east;
E (S REIEseHs The MIPS Comprehensive Yeast Genome Database (CYGD) aims to present information on the molecular —
structure and functional network of the entirely sequenced, well-studied model eukaryote, the budding yeast
Search ORF/Gene/Description  Saccharomyces cerevisiae. In addition the data of various projects on related yeasts are used for comparative

analysis.
News:
Chromosome
(ehrl - chrXVichrMito.2- , 5006.12.04: Restart of the CYGD. entry views, i ion and new

micron)

(Rese

search engines for a more convenient use

Catalogs:



http://mips.gsf.de/genre/proj/yeast/

3 GenRE - Search FunCat - Microsoft Internet Explorer [BEE
BEED KEOD ®BHEO BSEW IAD HED -

Qr=-@- ¥ @ Pus Jramez @ 2- 1L JB 3

D) | ] hitpthnips ext detgenralproilyesstSeamhiCatilopsiatiloz fop v Bz om >

wn CYGD Functional Classification of Proteins A
-9- Proteins are functionally classified using the MIPS FunCat. The assignment is done by manually Annotation of proteins found in literature as well
EEREENEREVEEER] 25 by mapping of GO annotation
S
Search ORFiGene/Description Functional Category Proteins
|:| 01 METABOLISM 1514
02 ENERGY 367
10 CELL CYCLE AND DNA PROCESSING 1012
11 TRANSCRIPTION 1077
g:ﬁ'“ﬁ"'“imm, chulfitop. 12 PROTEIN SYNTHESIS 480
micron) 14 PROTEIN FATE {folding, modification, destination) 1154
l:l 16 PROTEIN WITH BINDING FUNCTION OR COFACTOR REQUIREMENT (structural or catalytic) 1049
18 REGULATION OF METABOLISM AND PROTEIN FUNCTION 253
20 CELLULAR TRANSPORT, TRANSPORT FACILITIES AND TRANSPORT ROUTES 1038
30 CELLULAR COMMUNICATION:SIGNAL TRANSDUCTION MECHANISM 234
Catalogs: 32 CELL RESCUE, DEFENSE AND VIRULENCE 554
34 INTERACTION WITH THE ENVIRONMENT 163
38 TRANSPOSABLE ELEMENTS, VIRAL AND PLASMID PROTEINS 120
40 CELL FATE 273
Chromesome View 41 DEVELOPMENT (Systemic) 69
R 42 BIOGENESIS OF CELLULAR COMPONENTS 862
AL E [ 43 CELL TYPE DIFFERENTIATION 452
S B85 5 i 99 UNCLASSIFIED PROTEINS 1393
Other X Functionally Classified Proteins 4777
Search /View - Functionally Unclassified Proteins 1394
Advanced Search
Index Search
MPact protein interaction @
Tahine 1icte and Domdnue
&l B RN

=2 ‘Q‘ji 1152

A B4 AL 7148 Caenorhabditis elegans

« Potential: a sufficiently complex organism to be interesting
but simple enough to permit complete analysis, at the cellular
level, of its development and neural circuitry.

» Genome was completed in 1998, provided the first full DNA
sequence of a multicellular organism.

« ~97 Mbp of DNA (see box, no Y chromosome)
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3 . 3 " Structu 3 axonomy OM Help
Search for on chromoseme(s Find Advanced Search

™ Show related entries MapViewer home

Caenorhahdilis elegans genome view BLAST search nemateds genomes

Build 1.1 statistics
1 1o vooox

l Lineage: Eukaryota; Metazoa; MNematoda, Chromaderea; Rhabditida, Rhabditoidea;, Rhabditidas, Peloderinae; Casnorhabditis

)

The Sanger Center and the Genome Sequencing Center at Washington University have now completed the sequencing of the
Casnorhabditis elegans genome. This 15 the first multicellular eukaryotic genome to be completed: Science, 1998 The genome m this
release, Wormbase W397, 15 100.274 Wb, organized in six chromosomes. The genome has been decorated by the Sequencing Consortium
with 19,542 predicted coding sequences, 21,437 when counting 1,891 alternate splice forms

In parallel, alarge collection of 152,000 DA clones, from staged libraries spanning dewelopment, has been generated and sequenced by
the worm transcriptome project led by Eohara at NIG, Mishima, Japan. Clones have been distributed to individual researchers and used
locally for systematic ezpenments such as in situ hybndization to all stages of development, RIVA mterference and microarrays

On the current genome, 20,443 genes are defined at ITCBI by their observed or predicted secquence, including 1,270 non protein coding
genes (tRITAs, snRNAs, B As, seRMAs or psendogenes). Ofthe protein coding genes, T8% or 14,876 are already supported by |

[& Y
||| @ G || ¥oron niins | B Tuntch Choss | | SMiorosoitPover? | £18HHE - Misx [ & Eatee tenome vs., | B BE SEE® Sl L0z
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C. elegans genome is about 8 times larger than that of yeast

19,099 predicted coding sequences, 21,437 when counting 1,891
alternate splice forms, ~ 3 times the number in yeast.

Gene density is relatively low: ~ 1 gene/5 kb

Exons cover ~27% of the genome; genes contain an average of 5
introns each.

42% proteins have homologues outside the phylum (F* &)

34% are homologous to proteins of other nematodes (42 /. 4~ #4)
24% have no known homologues outside C. elegans itself.
Genome contains many repeat sequences

% ¥ Drosophila melanogaster

Genome sequence was announced in 1999

Chromosomes are nucleoprotein complexes

— ~1/3 is contained in heterochromatin (£ % ¢ %), highly coiled and
compact regions

— The other 2/3 is euchromatin (£ % ¢ "), a relatively uncoiled, less-
compact form, most of the active genes are in.

Total chromosomal DNA contains about 180 Mbp

13601 genes, ~double the number in yeast, but are fewer than
in C. elegans e
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Drosophiia melanogaster genome view BLAST search Drosophila genome

Build 4.0 statistics
|| *
R

Lineage: Eukarvota, Metazoa, Arthropoda;, Hezapoda, Insecta, Pterygota; Neoptera, Endopteryoota, Diptera, Brachycera;
IMuscomorpha, Ephydrotdea; Drosephilidae;, Drosophila

15—

The NCBI Map Viewer presents a graphical wiew of Release 4.0 of the annotated Drosophila melancgaster genome. Release
4.0 was available n GenBank m MNovember 2004 and represents a sequence and assembly update for the finished euchromatic
f sequence of the stz Drosophila melanogaster chromosome arms. Genome annotation was propagated from Release 3.2 and is
provided by FlyBase. There are 14,016 genes, linked to FlyBase via umique "FBgn" identifiers; these genes encode 18,747
protems

The sequenced Drosoplila melanogaster geneme was originally determined in a collaberation between Celera and the Berkeley
Drasopinla Genome Project, and is described in the March 24, 2000 issue of Science. Additional sequencing ("finishing") and re-assembly
was cartied out by the Berkeley Drosaphila Genomme Project (Celniker of al., 2002), and annotation updates are provided by the FlyBase
Consortium (isra e ol 2002),

From early observations of the banding patterns of its polytene chromosomes to current work on mEIA and protein gradients in the
developing embryo, Drosophila melanogaster has been studied in biology labs for over eighty years. Many of the genes that define the
spatial pattern of cell types and body parts have now been identified, along with the regulatory pathways in which they operate. As the
majotity of these genes have counterparts in higher eukaryotes, the study of the Drosaphila developmental program provides insight into
human developtment as well
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Global Query. query all
MNCBI Entrez databases in
one step.

BLAST. Compare your
sequence to different insect-
specific sequences.

Clone Registry. Find
information about specific
BAC clones, including
sequencing status and end
saquence information.
Entrez Gene, Focal point
for genes and associated
infarmation.

e-PCR. Check your
sequence for STSs and view
in a genomic context.
GEO. Gene Expression
Omnibus, a public repository
for expression data.
Genome Project,
Complete and in-progress
large-scale sequencing,
assembly, annotation and
mapping projects.
GeneRIF. Provides a
simple mechanism for
scientists to enrich the
functional annotation of la
in Entrez Gene.
HomoloGene. Putativ
homologies among human,
mouse, rat, and zebrafish.
Map Viewer, Interactiv
wigwer far genome maps,
sequence, and genes.
PopSet. Population study
data sets.

PubMed Central. Digital
archive of full text and
content from life science

Resources guide, Following the
sequencing of the Drosophila
melanogaster genome, the National
Human Genome Research Institute
(NHGRI) has continued to support a
number of other Drosophilz genome
sequencing projects with a goal
toward further annotation and
comparative genomics, This gateway
page will bring together information on
Drosophilz-related resources from NCBI
and the fruit fly research community.
We encourage your suggestions,

he fruit fly (Drosophila
melanogaster) is a valuable
model organism due to its
biological complexity and the
ease of genetic manipulation.
prosophila research has
rovided insights into behavior,
[development and disease
systems.

Just In... "™

esOUrces

News This Manth In:
» PubMed
« GenBank

HIGHLIGHTED

RESOURCE: An

essential online

resource for

information on the

genetics and
molecular biclogy of Drosophila is
FlyBase, a comprehensive database
veith the latest newss and information
on the fruit fly genome.

Documentation:

+ Fly Map Viewer Help

+ Glossary of Genome Terms
+ White Papers (FlyBase)

Maps and Sequence:

= Fruit Fly Map Viewer
Ensembl Genome Browser
ISTA Genome Browser

Annotation:
+ Genome Annotation {FlyBase)
+ TIGR Gene Index

er Resources:

« Berkeley Drosophila Genome

Project

» The Interactive Fly

+ AAA - 12 Drosophila
Genomes
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« Contains homologues of 289 human genes implicated in

various diseases.

« Non-coding regions must contain regions controlling
spatiotemporal patterns of development (FF 5 % & #-37%)

« Itis an organism in which the study of the genomics of

development will prove extremely informative.

e 3 19 % Arabidopsis thaliana

~146 Mbp DNA

5 pairs of chromosomes, containing 25498
predicted genes

Genome is relatively compact, with 1
gene/4.6kbp on the average

Genes are relatively small, exons are typically
250 bp long, and introns relatively small, with
mean length 170 bp

N PTPN

3 N 1% .
: A5 ‘
\
4 %
P .
’ . ‘1* ‘.
2 y
. &~
P
cm 4
0
-

Arabidopsis Thaliana
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Typical of plant gene is an enrichment of coding regions in
GC content.

Most proteins have homologues in animals, but some
systems are unique to plants, including cell wall production
and photosynthesis.

Traces of large- and small-scale duplication events appear in
the genome

58% of genome contains 24 duplicated segments, >=100 kbp
in length.
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™ Show related entries Help FTF WapWiewer home
Arabidopsis thali. g view BLAST search plant genomes

Release 5.0 statistics
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Lineage: Eukaryota; Viridiplantae; Streptophyta, Embivophvta; Tracheophvta; Spermatophyta; hlagnoliophyta; eudicotyledons,
core eudicots; rosids, surcsids IT; Brassicales, Brassicaceae; Arabidopsis
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Arabidapsis thaliana is a small flowering plant that is widely used as a model organism in platt biology. Arabidopsis is a member of the

mustard (Brassicaceae) family, which includes cultivated species such as cabbage and radish. Arabidopsis is not of major agronomic

significance, but it offers important advantages for basic research in genetics and molecular bislogy. Its genome has been sequenced by an~ —
mternational collaboration collectively termed the Arabidopsis Genome Tnitiative (4G (The Arabidopsis Genome Initiative, 2000, Nature
408:796-815

This sequence, map, and annctations are the result of a collaberation between TIGR, MIPS, and TATR. The non-redundant sequence of the
chromosomes (pseudomelecules) and their annctations were provided to WCBI by TIGR. on behalf of the collaboraters
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Homework #1

Problem 2.2: * X % % g7 M. genitalium{crg & 45 FH.
influenzae, what are the values of (a) gene density in
genes/kbp, (b) average gene size in bp, (c) number of genes?
(d) Which factor contributes most highly to the reduction of
genome size in M. genitalium relative to H. influenzae?

Weblem 2-19 : What chromosome of the cow contains a
region homologous to human chromosome region 8g21.127

Please describe the sources of your answers for these two
problems.
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